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ABSTRACT

REACTION KINETICS OF METHANOL AND 
MTBE OXIDATION AND PYROLYSIS

by
Wen-chiun Ing

This study presents experimental data on the decomposition of methanol in several 

different reaction environments - fuel lean to stoichiometric at a temperature range of 873 

and 1073 K and a pressure range o f I and 5 atm. Methane fuel is also added in several of 

the systems studied in order to provide experimental data to understand the methanol 

addition effect on the methane oxidation.

Computer codes: ThermCal, ThermSrt and ThermCvt have been developed for the 

thermal property calculations o f stable molecules by the Benson group additivity method 

and o f radicals by the NJIT hydrogen bond increment method.

Pressure dependent rate coefficients have been expressed using Chebyshev 

polynomials adopted for complex chemical activated reaction systems in this study, as well 

as unimolecular decomposition reactions. This method has also been tested and shows 

significant improvement over two convention methods, Troe’s and SRI. The Levenberg- 

Marquardt algorithm has been incorporated with the QRRK code, CHEMACT, for the 

fitting of Chebyshev polynomials.



A pressure dependent mechanism which consists 147 species and 448 elementary 

reactions, based on thermochemical kinetic principals has been developed and calibrated 

by the experimental data. The reaction mechanisms (models) include pathways for 

formation o f higher molecular weight products, such as the formation o f methyl ethers. 

This accurate model based on principles o f thermochemical kinetics and statistical 

mechanics will not only provide fundamental understanding, but can be used to suggest 

directions toward process optimization for experimental testing.

The CHEMKIN interpreter has been modified in this study to take the flexible 

matrix size o f Chebyshev polynomials and to generate the appropriate link file for further 

processing. Subroutines involving kinetic rate coefficient calculation and array size 

initialization are also modified to incorporate the Chebyshev polynomials expression. 

Existing CHEMKIN drivers can simply link with the modified CHEMKIN library to take 

temperature and pressure dependent Chebyshev polynomials without modification. A 

couple o f drivers have been linked with the new CHEMKIN library and tested. These 

include a shock tube driver, a constant temperature and pressure driver, and an adiabatic 

constant pressure driver.

The mechanism is validated with methanol oxidation and pyrolysis experimental 

data and serves as a basis to build upon during the subsequent efforts on higher molecular 

weight oxygenated hydrocarbon (MTBE in this study). The methanol addition shows 

dramatic acceleration effect on the methane oxidation experimentally and predicted by the 

model.
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CHAPTER 1

INTRODUCTION

1.1 Overview

Alcohols, such as methanol and ethanol, are under consideration for widespread use as 

alternative motor fuels (1). Ethers, such as methyl tert-butyl ether (MTBE), are already 

in limited use as anti-knock components in gasolines (2 ).

A key factor which will determine the utility o f oxygenated hydrocarbons 

(OHC's) as dedicated fuels, blend components, or additives is their environmental 

impact, especially on urban air pollutants such as ozone and peroxyacetyl nitrates 

(PAN's). Methanol is o f interest as an additive and an alternative to conventional 

transportation fuels, because of potential reductions in pollutant emissions. Specifically, 

methanol is indicated to aid in reduction o f unbumed hydrocarbons, which enhance 

ozone production and photo-chemical smog formation, but enhanced emissions of 

formaldehyde from methanol oxidation might actually contribute to urban smog (3). 

The usefulness o f OHC's will also depend on their engine performance characteristics. 

For example, laminar burning velocities o f iso-octane / methanol blends in air are lower 

than the velocity o f either component alone (4).

Methanol is easily produced from petroleum and non-petroleum resources such 

as coal, wood etc. It is also an important early intermediate formed in the combustion 

of the high-octane fuel additive MTBE (methyl tert-butyl ether) (5).
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During the 1990s, methyl tert-butyl ether (MTBE) will be one o f the fastest 

growing chemicals in the world. Between 1980, the first year in which the U. S. 

International Trade Commission began reporting separate data on MTBE, and 1984, 

production has grown at an annual compound rate o f 20% (6 ). U. S. consumption of 

MTBE has been reported to be growing at a rate o f 40% per year in 1986 (7). About 

forty plants are running and thirty more are under construction or planned (8 ) including 

three plants which will be built in Canada with a total capacity o f 1.5 million metric 

to n s (9-10).

If  all projects planned in 1987 are built, MTBE production will reach about 20 

billion lb/yr which is about the double o f the production in 1987 (11). MTBE demand 

for methanol will triple to 1.2 billion gal, up from 400 million gal in 1989 and cause the 

global demand for methanol to grow more than 18% ( 1 2 ).

There are several factors causing the demand for MTBE: the lead phasedown in 

gasoline in both the U. S. and in Europe, the failure o f other nonleaded oxygenates to 

significantly improve octane ratings and therefore to serve as replacements for tetra 

ethyl lead in gasoline, and the restrictions o f U. S. Environmental Protection Agency on 

gasoline RVP (Reid Vapor Pressure) in order to decrease tropospheric ozone 

concentrations (13).

All the refiners in United States and most o f those in Europe have accepted 

MTBE as an octane enhancer. It blends like a hydrocarbon and does not have the 

handling problems that alcohols do. It can also solve the octane problems o f refiners 

without requiring large additional capital investment. Many processes have been
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developed to reduce the cost o f MTBE production (14-19), such as : a new process 

using sulfuric acid catalyst (14), an adsorption process reducing control problems (15), 

adding a MTBE unit ahead o f alkylation in refinery processing (16), a bifunctional 

catalyst process (17)... etc.(18-19)

1.2 Objectives of this Study

The goals o f this study are :

• Development and advancement o f the understanding o f oxidation processes on 

oxygenated fuels under atmospheric and high pressure conditions.

® Identification o f important reactions and key species in the high temperature 

chemistry o f OHC's.

• Acquisition o f experimental data from lab experiments and from the archival 

literature on oxidation o f the oxygenated fuels, i.e. methanol and MTBE mixed 

with hydrocarbons.

• Development) o f a pressure and temperature dependent kinetic model, based on 

thermochemical kinetic principles and calibrated by experimental data, which will 

allow computer experiments to suggest trends for future experimental testing and 

preferred fuel compositions that reduce hydrocarbon emissions while hopefully 

maintaining or improving engine performance.

• Development o f computer tools for the above objectives. These incorporate a 

pressure dependent mechanism into kinetic modeling and are used in conjunction 

with a modified Sandia National Lab CHEMKIN general kinetic library. The 

modification is included in this study.
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This study presents experimental data on the decomposition o f methanol in 

several different reaction environments - fUel lean to stoichiometric at a temperature 

range from 873 to 1073 K and a pressure range from 1 to 5 atm. Methane fuel is also 

added in several o f the systems studied in order to provide experimental data on the use 

o f methanol as an additive in motor vehicle fuels. This data will be a basis, along with 

that in the literature, for validation o f a model o f methanol oxidation and pyrolysis 

which can be used for evaluation and simulation of methanol combustion under 

atmospheric conditions as well as in compression engines or turbines, where pressures 

are very different from atmospheric.

Methanol was studied as a base case. During oxidation, all higher OHC's can be 

considered to pass through the same or similar intermediates as methanol. Methanol is 

also a key intermediate in the oxidation o f MTBE. Some experimental data on 

methanol oxidation already exists, however, modeling based on fundamental principles 

is lacking. For example, pressure dependencies o f reaction rate constants, which are 

critical to describe oxidation in internal combustion engines correctly, were not 

considered. The proposed study was therefore begun with limited available 

experimental data on methanol pyrolysis and oxidation. A fundamental elementary 

reaction model has therefore been generated to describe data from both the literature 

and our own experimental data. These studies on methanol will provide experimental 

and modeling bases upon which to build during subsequent research on OHC’s with 

higher molecular weight than MTBE.
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An important issue here is the impact o f OHC's on the formation o f higher 

molecular weight hydrocarbons and soot in diesel engines. This is likely to occur in fuel 

rich, pyrolytic zones. Addition o f an appropriate OHC to the fuel has the potential to 

limit molecular weight growth while not adversely affecting engine performance (2 0 - 

21). Ethane is chosen as a model compound fuel. Its pyrolytic chemistiy is presented 

as a function o f OHC additive.

1.3 Literature Review

1.3.1 Methanol

The oxidation and pyrolysis o f gas phase methanol has been studied widely over the 

past half century by several different methods: diffusion flame, shock tube and static or 

flow reactors. Study on the pyrolysis and oxidation o f methanol by diffusion flames was 

reported by Smith and Gordon (22) in 1956. They used a quartz probe sampling 

technique to extract stable species from the flame regions and the samples were 

analyzed with a consolidated analytical mass spectrometer. The temperature measured 

in the flames varied from about 2 0 0  C at the wick to about 1400 C at the tip and edge 

o f the flame. From the analysis o f these products, they indicated that the mechanism of 

burning involves pyrolysis o f the alcohol followed by oxidation of the pyrolysis 

products. The pyrolysis of methanol was free radicals induced by the small percentage 

o f 0 2  which diffuses in near the base o f the burner, and H or OH radicals which come 

from the reaction o f 0 2  an H2.

Earlier studies were reported by Fletcher (23) in 1934 and by Someno (24) in 

1942. Fletcher studied the pyrolysis o f methanol in a static system at pressure less than
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atmospheric and temperatures between 899 and 1003 K. He proposed that the 

pyrolysis occurs in two stages; the first stage gives formaldehyde and hydrogen, and in 

the second stage, formaldehyde is pyrolyzed to CO and H2.

Someno studied the thermal decomposition and slow combustion of 

monohydric alcohols. He worked in quartz vessels at sub-atmospheric pressure and 

temperatures up to 923 K. The identification o f products was made spectrographically, 

by IR and visible spectroscopy, and Ketones, aldehydes, ketenes and unsaturated 

hydrocarbons were found in the products. Formaldehyde was found in the products 

only under conditions of slow oxidation.

A shock tube study on the ignition o f methanol with oxygen was made by Cooke and 

co-workers (25). The experiment was performed using stoichiometric mixtures of 

methanol and oxygen diluted with 95% argon at shock generated temperatures from 

1573 to 1873 K, pressure range from 200 to 300 Torr. They found that methanol was 

less reactive than ethanol. In high temperature conditions, the reactions o f C H 3 O H  —> 

C H 3  +  O H  and C H 3 O H  —> C H 2O H  + H were reported to evolve with fission of the O- 

H bond less likely to occur.

Bowman studied the high temperature oxidation of methanol behind reflected 

shock waves in the temperature range from 1545 to 2180 K (26). The reaction of 

methanol-oxygen mixtures diluted with argon was initiated by reflected shock waves. 

The concentrations o f O, OH, H20  and CO were measured by various spectroscopic 

techniques. Following shock-heating, oxidation appears to proceed via two distinct 

phases: an induction period, in which the concentrations o f radical species and water
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increase rapidly with little change in temperature; followed by exothermic reaction with 

the concentration o f radical species and water slowly approaching equilibrium values. 

He proposed a small reaction mechanism and indicated that the significant reactions 

include thermal decomposition of methanol, attack o f radicals O, OH and H on 

methanol and thermal decomposition o f the important radical intermediate CH2OH.

Aronowitz et al. ( 27)  reported methanol oxidation results ( C H 3 O H / O 2 / N 2 )  in an 

adiabatic, turbulent flow reactor, having plug flow characteristics which allowed for 

chemical sampling with high spatial resolution. Experiments were performed at 

atmospheric pressure, in the temperature and equivalence ratio ranges from 680 to 880 

°C and 0.03 to 3.16, respectively. Major products included CO, C 0 2 and H 20 , with 

small amounts o f H2 and CH20 . Trace quantities o f hydrocarbon products were 

observed at more fuel rich equivalence ratios. They presented a two-step overall or 

global model to describe the oxidation of methanol to carbon dioxide. They specifically 

emphasized the importance o f H 0 2 chemistry in the oxidation of methanol over this 

temperature region at atmospheric pressure, while Westbrook et al. (28) had previously 

indicated that hydroperoxyl radicals can be important in high temperature chemistry.

A study o f methanol combustion in laminar flames was made by Vandooren 

and Van Tiggelen (29) in 1981. A detailed mechanism and rate constants of elementary 

steps for lean methanol flames burning at 40 Torr were investigated by using molecular 

beam sampling coupled with mass spectrometric analysis. They reported that “about 

70% of the fuel molecules were consumed by reaction with hydroxyl radical and 30% 

by reaction with hydrogen atom”. The main initial product was CH2OH which then
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reacts mostly with molecular oxygen. The occurrence o f electronically excited CH20  

was detected, and attributed to highly exothermic reactions between CH2OH and O, H 

or OH radicals. They indicated that the formaldehyde conversion occurred via reactions 

with radicals, mainly OH, or by unimolecular (low pressure limit) decomposition 

processes.

Important elementary reactions o f CH2OH with molecular and atomic oxygen in 

the methanol oxidation system were studied by Grotheer et al (30) using a direct 

discharge flow reactor over temperature range from 25 to 400 °C at pressures around 1 

mbar. Radical profiles were monitored by a low-energy electron impact ionization mass 

spectrometer. The rate coefficient was measured for the CH2OH + O reaction. A 

strong non-Arrhenius behavior for CH2OH + 0 2 reaction was reported.

Recent studies on methanol oxidation and pyrolysis have been reported by 

Norton and Dryer (31-32). In 1989, they performed methanol oxidation experiments 

using a turbulent flow reactor at equivalence ratios in the range from 0 . 6  to 1 .6  and 

initial temperatures from 1025 to 1090 K at atmospheric pressure. They indicate that 

the existing and widely-used mechanism (33) for methanol oxidation is in error and 

should be updated.

Norton and Dryer present a kinetic mechanism for methanol pyrolysis which 

matches multiple sets o f experimental data from static, flow, and shock tube reactors, 

covering temperatures o f 973 to 1993 K and pressures o f 0.3 to 1 atmosphere. They 

indicated that the fuel decomposition reaction C H 3 O H  - »  C H 2 O H  + H, previously been 

included only in mechanisms for high temperature conditions, also has a significant



9

effect at low temperatures through radical combination reaction. They reported that 

the reaction CH3O + CO —> CH3 + C 0 2 rather than CH3OH + H —>• CH3 + H20 , was 

the major source o f CH3 at low temperatures and the reverse o f CH3 + OH —» CH2OH 

+ H was important to CH3 production at high temperatures.

One o f the principle problems with the Norton Dryer mechanism is that it does 

not consider pressure effects o f the important unimolecular and bimolecular reactions. 

For example, the pressure dependence o f the decomposition steps below are not fully 

included or analyzed for different systems:

CH3OH -> CH3 + OH 

CH3OH -»  'CH 2 + H20  

CH3OH ‘HCOH + H2 

CH3OH -> CH2OH + H.

More importantly, the correct path way analysis for :

CH2OH + 0 2 -> [.00C H 20H ]# -> ,OCH2OH + O

-> [HOOC.HOH]# -> H C 0 2 + OH 

-> [C H 20...H 00]# -> CH20  + H 0 2 

->  [H 00C H 20.]#  -> CH20  + H 0 2 

-> CH2OH + 0 2 (Reverse - No Rxn)

—> ,OOCH2OH (Stabilization) 

as well as reactions o f CH3O + 0 2 to form [CH3OOO]# and its further reactions were 

not included.
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We note that the Norton-Dryer mechanism does not properly incorporate the 

negative temperature dependence, pressure effects and correct reaction pathways which 

account for the observations by Grotheer.

These pressure dependent reactions are very important in the formation of CO 

and C 0 2. In particular, it is important to evaluate properly the C 0 2 formation path 

from H C 0 2 formation in the reaction o f CH2OH + 0 2 listed above. This reaction 

proceeds through a chemically activated intermediate, which can be stabilized, 

dissociate back to reactants (no reaction) or react via isomerization to either 

HOOC.HOH or H 00C H 20 . isomers; both o f which will then immediately dissociate to 

lower energy products.

Further items missing from present mechanisms include pathways for the 

formation o f higher molecular weight products, such as the formation o f methyl ethers, 

which we observe in this study and report for the first time.

1.3.2 MTBE (Methyl Tert-butyl Ether)

T. J. Wallington (34) conducted a flash photolysis resonance fluorescence study on the 

kinetics o f the hydroxyl radical (OH) reaction with MTBE over the temperature range 

from 240 to 440 K at total pressures between 25 and 50 Torr. The Arrhenius 

expression for the overall rate constant was determined as follows :

C3COC + OH -»  Products

k, = (5.1 ± 1.6) x 10’12 exp[-(155 ± 100)/T] cm3/mole sec 

We note that this rate constant includes abstraction o f both the methyl ether 

hydrogens and the primary methyl tert-butyl hydrogens.
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A reaction study was made earlier by Cox and Goldstone, but only at room 

temperature and it was a relative-rate investigation, yielding on overall rate constant at 

298 K (35).

There have been three previous experimental kinetic studies of rate constant 

determinations on the thermal decomposition kinetics o f MTBE up to temperatures of 

1160 K, and they conclude that the reaction is a four-center molecular elimination,

(CH3)3COCH3 (CH3)2C=CH2 + CH3OH.

Daly and Wentrup (36) report that the decomposition reaction of MTBE is 

unimolecular, and they determine a rate constant, o f 1014'38 exp(-30970/T) s' 1 over the 

temperature range from 706 to 768 K. Choo et al. (37) report a value of k = 1 0 13'9 

exp(-29700/T) s' 1 in a VLPP (Very Low-Pressure Pyrolysis) reactor from 890 to 1160 

K, while Brocard and Baronnet (38) obtained k = 1014'0 exp(-29960/T) s' 1 in a Pyrex 

reactor at 725 to 761 K. The latter workers also find that the addition o f propene or 

toluene does not modify the rate o f formation o f the major products, methanol, and 

they conclude that a four-center unimolecular elimination path accounts for the 

homogeneous thermal decomposition of MTBE over the temperature and pressure 

ranges of their study.

Other studies on the high temperature oxidation o f MTBE in an argon diluent 

have been reported by Dunphy and Simmie (39) in reflected shock waves over the 

temperature range from 1024 to 1850 K and at a pressures of 3.5 bar. The mixture 

compositions varied widely, with equivalence ratios varying from 0.25 for a fuel-lean, 

through 1 .0  for a stoichiometric, to 2.5 for a fuel-rich mix. Measurements of the
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ignition delay times, characterized by chemiluminescence and pressure rise, can be 

concluded that the high temperature oxidation o f MTBE is in essence that of methanol 

+ iso-butene.

Norton and Dryer (40) presented the experimental results for flow reactor 

oxidation o f MTBE at equivalence ratio 0.96, initial temperature o f 1024 K and 

atmospheric pressure. Gas samples extracted at fifteen positions along the reactor duct 

centerline were quenched in the hot-water-cooled probe and stored at 343 K for later 

gas chromatographic analysis. The purity o f the MTBE was 97%.

The main products they observe are isobutene and methanol. At 1024 K, 50% 

MTBE is converted in a time o f about 5 msec, and 90% of conversion is achieved at 

about 40 msec. Isobutene and methanol are generated at up to 75% and 40% of initial 

MTBE concentration, and decay slowly compared to the MTBE decomposition rate. 

An increasing amount o f carbon monoxide is produced with MTBE conversion. 

Methane and propene are observed at about 10% of MTBE initial concentration. 

Other, lower concentration, products (less than 10% of MTBE initial concentration) 

such as C 0 2, C2 , C3, and C5, are also produced.

Norton and Dryer describe the result o f MTBE decay by the unimolecular 

elimination reaction only, which occurs through a four-center activated complex. They 

attribute the final products observed to faster MTBE oxidation rather than to either 

isobutene or methanol oxidation.



CHAPTER 2

EXPERIMENTAL

The oxidation and pyrolysis o f methanol with and without methane is analyzed by 

varying temperature, pressure, residence time and reactant ratios. A temperature range 

from 873 to 1073 K, pressure range from 1 to 5 atm and residence time range from 0.1 

to 2 . 0  seconds is studied in two reaction ratios (stoichiometric and fuel lean) using a 

high temperature and high pressure tubular reactor for methanol oxidation. Methanol 

pyrolysis is studied over a pressure range o f 1 to 10 atm at 1073 K. Oxidation of 

Methanol and methane mixtures is studied with an overall stoichiometric reactant ratio 

at selected temperatures and pressures. Methane oxidation under stoichiometric 

conditions, with pressure range from 1 to 5 atm and temperatures from 1023 to 1073 K 

is studied for comparison with methanol and methanol/methane oxidation and for 

further validation of kinetic models.

2.1 Experimental Conditions

2.1.1 Methanol Pyrolysis

Methanol pyrolysis is studied over a pressure range from 1 to 10 atm at 1073 K under 

isothermal reactor conditions. The reactant concentrations at different pressures are:

13
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1 atm CH3OH : Ar = 0.0395 : 0.9605

3 atm CH3OH : Ar = 0.01317 : 0.98683

5 atm CH3OH : Ar = 0.0079 : 0.9921

8  atm CH3OH : Ar = 0.00494 : 0.99506

8  atm CH3OH : Ar = 0.0025 : 0.9975

1 0  atm CH3OH : Ar = 0.00395 : 0.99605

2.1.2 Methanol Oxidation

Methanol oxidation experiments are performed with two reactant ratio sets which 

represent stoichiometric and fuel lean conditions over a temperature range from 873 to 

1073 K and a pressure range from 1 to 5 atm. The reactant concentration ratios are:

Fuel Lean (J> = 0.75 CH3OH : 0 2 : Ar = 0.0078 : 0.0156 : 0.9766 

Stoichiometric <|> = 1.0 CH3OH : 0 2 : Ar = 0.0078 : 0.0117 : 0.9805.

2.1.3 Methanol/Methane Oxidation

Methanol/methane oxidation is carried out at overall stoichiometric conditions at 

selected temperature and pressure in order to understand the effects of methanol 

addition on methane oxidation and the effects of methane on methanol oxidation. The 

total concentration and ratio of methanol and methane at the indicated temperature and 

pressure are:
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Temperature Pressure Xo,CH4+CH30H C H 3 O H  : C H .

873 K 5 atm 0.0156 0 . 0  : 2 . 0

873 K 5 atm 0.0156 0 .2  : 1.8

873 K 5 atm 0.0156 0.3 : 1.7

873 K 5 atm 0.0156 0.5 : 1.5

873 K 5 atm 0.0156 0.7 : 1.3

873 K 5 atm 0.0156 1 .0  : 1.0

873 K 5 atm 0.0078 2 . 0  : 0 .0

873 K 5 atm 0.0078 1.5 : 0.5

873 K 5 atm 0.0078 1.3 : 0.7

873 K 5 atm 0.0078 1 .0  : 1.0

Temperature Pressure Xo,CH4+CH30H C H 3 O H  : CH.

1023 K 1 atm 0.0156 1 .0  : 1 .0

1073 K 1 atm 0.0156 2 . 0  : 0 . 0

1073 K 1 atm 0.0156 1 .0  : 1.0

1073 K 1 atm 0.0156 0 . 0  : 2 . 0

2.2 Experimental Apparatus

A diagram of the experimental apparatus is shown in Figure B .l. Reactants are reagent 

grade supplied by Aldrich Co. Methane and argon gases are filtered for O2, H2O, and 

hydrocarbon impurities before entering the reactor system. The carrier gas (argon) is 

passed through a saturation bubbler which contained liquid methanol held at 273 K
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using an ice bath. A second argon flow stream (after the bubbler) is used as make-up 

gas in order to achieve the desired reactant ratio. Methane and oxygen are then added 

to the CH3OH/Ar flow as required. Those four gas streams (argon, make-up argon, 

oxygen and methane) are controlled by Union Carbide LINDE® Model FM-4550 mass 

flowmeter-flowcontroller with four mass flow control modules. Four channels are 

calibrated to indicate 0-100% range o f the desired gases. The calibration curves are 

plotted as Figures B.2 to B.5 of Appendix B.

A quartz tube o f 6  mm ID and 12 mm OD is employed as the reactor, which is 

housed within 75 cm length of three-zone Chemshell 1.25” ID electric tube furnace 

equipped with three independent Omega Model CN-310 digital temperature 

controllers. A Neon Controls BPS 26G2501, 200 psi back pressure regulator is used to 

maintain the desired pressure within the reactor.

The mixed reactants (feed mixture) are preheated to about 373 K to prevent 

condensation and to improve reactor temperature control. The reactants can either 

flow through the reactor or flow directly to a GC sampling valve via a bypass line. The 

bypass is used to determine the initial concentration o f reactants without going through 

the high temperature reactor.

Gas samples are drawn through the sampling line by means o f a mechanical 

vacuum pump with a constant flow rate of 30 cm3/min. A HP-5890 Series II gas 

chromatograph with two flame ionization detectors is used on-line for analysis. The 

bulk o f the effluent is passed through a sodium bicarbonate (NaHC03) flask for 

neutralization before being released to a fume hood.
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2.3 Temperature Control and Measurement

Temperature profiles are obtained at each flow using a type K thermocouple probe 

moved axially within the 75 cm length reactor. Thermocouple error caused by furnace 

wall radiation is minimized by using a grounded junction sheath and with a 

representative flow of inert. The darkened outside surface of the quartz tube reactor 

also served as a second rdiation shield. Tight temperature control resulted in 

temperature profiles isothermal to within ± 5 K over 80 - 85% of the furnace length for 

each temperature. Steep temperature gradients o f 500 K in 5 cm occurr at the inlet and 

outlet of the reactor.

Uncertainty in absolute temperature measurements is estimated to be ± 1% (i.e. 

± 8-12 K) but relative temperatures are measured to within + 5 K. The temperature 

profiles are shown as Figures B .6  and B.7 with and without reactions present.

2.4 Qualitative and Quantitative Analysis

A HP-5890 Series II gas chromatograph with two flame ionization detectors is used 

on-line to determine the concentration of reactants and products. A ten-port VALCO 

gas sampling valve is employed to introduce the gas samples into the GC columns. Gas 

samples are passed through two sampling loops, 1.0 cm3 and 0.25 cm3, at a constant 

flow rate of 30 cm3 per minute, and then injected into a packed column and a capillary 

column, respectively.

Two columns, one packed and one capillary, are used to perform separations. 

The 6 ’ x 1/8” feet stainless steel column is packed with 50% 80/100 Poropak T and 

50% 80/100 Poropak Q for the separation of CO, CO2 and light hydrocarbons. In order
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to increase the accuracy o f quantitative analysis, a catalytic converter connected in 

series after the packed column with 5% o f 80/100 ruthenium on alumina catalyst is 

used to convert the CO and CO2 to methane after separation. The 90 m x 0.53 mm 

Hewlett Packard fused silica capillary column is used for heavier hydrocarbon and oxy- 

hydrocarbon separation. The chromatogram peaks are analyzed with two HP 3396A 

integrators.

Calibration for obtaining appropriate molar response factors and retention times 

o f relevant compounds is performed by injecting known concentrations o f standard 

gases and known quantities o f liquid samples. The average retention times and relative 

response factors are shown in Tables A.l and A.2.

Product identifications are also verified by HP 5899A GC/Mass Spectrometry, 

with a HP 90 m x 0.53 mm fused silica capillary columns (same as the one used in the 

on-line GC system), on batch samples o f reactor gas drawn, from the reactor exit into 

evacuated 25 cm3 stainless steel sample cylinders for later analysis.

2.5 Summary of Experimental Results

2.5.1 Methanol Pyrolysis

Experimental results on methanol pyrolysis at 1073 K over a pressure range from 1 to 

10 atm are displayed in Figures B .8  to B.13. The decay rate o f methanol increases with 

increasing pressure, however, the differences between 5, 8  and 10 atmospheres are 

small.

Methanol decays and forms the intermediate stable product formaldehyde, 

which then decomposes to carbon monoxide. Normalized concentrations (C/C0) of
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methane formation are about the same at different pressures. Ethylene, which results 

from methyl radical combination through ethane, is observed at ppm levels with 3.95 

mole % initial methanol concentration at 1 atm total pressure.

2.5.2 Methanol Oxidation

Results of methanol oxidation are shown in Figures B.14 to B.61, which plot the mole 

fraction as a function o f reaction time and temperature, at temperatures ranging from of 

873 and 1073 K, 3 pressures (1 ,3 ,5  atm) and two equivalence ratios of 1.0 and 0.75.

Changes in methanol conversion, intermediates and products under conditions 

o f excess oxygen (equivalence ratio = 0.75) are small relative to reaction at 

stoichiometric conditions for all temperatures and pressures of this study. Methanol 

starts to decay at 923 K and 100% conversion is observed at 1073 K, at 1 atm and 

reaction time o f 0.15 second. At 3 atm and a reaction time o f 0.6 second, methanol 

decay begins at 873 K and is 95% converted at 923 K. At 5 atm and a reaction time of 

0.6 second, methanol conversion is 5% at 873 K and 100% at 923 K.

At increased temperatures, formaldehyde levels decrease and this intermediate 

only exists for a short residence time (ca. 0.2 seconds). CO increases rapidly with the 

conversion o f methanol. The formation o f CO2 starts to occur when significant 

amounts o f CO produced. At higher temperature, oxidation o f CO occurs rapidly to the 

final product C 0 2.

Methane is observed as a minor product. Hydrocarbon molecular weight 

growth species are not detected (or are below instrument detection limits).
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2.5.3 Methane /  Methanol Oxidation

Experimental results on the oxidation o f methane / methanol mixtures are shown in 

Figures B.62 to B.73. Methanol is observed to have a significant acceleration effect on 

methane oxidation. A uniform trend is observed over the temperature and pressure 

ranges studied by changing the initial composition o f methane / methanol mixtures. 

This acceleration by methanol on methane oxidation will be discussed and compared 

with modeling results in Chapter 6 .



CHAPTER 3

KINETIC MODELING

A mechanism which consists 147 species and 448 elementary reactions, based on 

thermochemical kinetic principles has been developed and calibrated by the 

experimental data.

Specific emphasis has been placed on understanding and properly treating the 

pressure dependent reactions and identifying important reactions and key species in the 

high temperature chemistry so the model can be applied to both atmospheric and 

internal engine oxidation / combustion. The reaction mechanisms (models) include 

pathways for formation of higher molecular weight products, such as the formation of 

methyl ethers, which are observed in the experiment and reported here for the first 

time. An accurate model based on principles of thermochemical kinetics and statistical 

mechanics will not only provide fundamental understanding, but will suggest directions 

toward process optimization for experimental testing. It will also have a higher 

probability o f successful application outside the range o f calibration.

The reaction mechanism is based upon principles o f thermochemical kinetics 

including Transition State Theory (TST) and accurate molecular thermodynamic 

properties. The mechanism consists o f elementary reactions, with each reaction based 

on literature evaluation or, if it is estimated, on thermochemical and kinetic principles.

21
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3.1 Thermodynamic Properties

The addition reactions and subsequent unimolecular isomerization or dissociation reactions 

are analyzed by construction of potential energy diagrams of the systems based on existing 

experimental data, theoretical data and on group additivity estimation techniques.

Thermodynamic parameters - AH29s, S298 and Cp(300) to Cp(°o) for species in 

the reaction schemes are listed in Table 1 along with appropriate references. Enthalpies 

o f radicals are from evaluated literature on C-H bond energies and AHr o f the stable 

molecule which corresponds to the radical with a H atom at the radical site. Entropies 

and CP(T) values are from use o f Hydrogen Bond Increment (HBI) (41). The HBI 

group technique is based on known thermodynamic properties o f the parent molecule 

and calculated changes that occur upon formation o f a radical via loss of a H atom. The 

HBI group incorporates evaluated carbon hydrogen (C-H) bond energies, for AH298 of 

the respective radical, and changes that result from loss or changes in vibrational 

frequencies, internal rotation symmetry, and spin degeneracy when a hydrogen atom is 

removed from the specific carbon site. HBI groups, are described fully in Ref. (42, 43).

3.2 Determination of Rate Coefficients

3.2.1 Abstraction Reactions

Abstraction reaction rate constants are not pressure dependent and usually taken from 

evaluated literature when available. If  estimation is required, a generic reaction is 

utilized as a model and adjusted for steric effects. Evans Polanyi analysis is used on the 

reaction in the exothermic direction to estimate the energy of activation (Ea) for rate 

constant. An Evan Polanyi plot, Ea versus AH™,, allows use of a known AHm to obtain
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Ea for these reactions. The abstraction reaction in an endothermic reaction must 

incorporate the AH™ or thermodynamics will be violated.

3.2.2 Addition Reactions

Addition reactions are treated with the quantum RRK formalism for k(E) and modified 

strong collision theory o f Gilbert et al. for falloff. This will be described in the 

following section. The reaction involves addition o f an atom or radical to an 

unsaturated species. Addition reactions typically form an energized adduct with ca. 20 

to 50 kcal/mol o f energy above the ground state. This energy is often sufficient to 

allow the adduct to react to other reaction products (lower energy) before stabilization 

occurs.

3.2.3 Elimination Reactions (Beta Scission)

These reactions are the reverse of addition reactions and utilize the quantum RRK 

formalism for k(E) and modified strong collision theory o f Gilbert et al. for falloff and 

are treated in two ways. In the first way, a unimolecular quantum RRK formalism for k(E) 

and modified strong collision theory of Gilbert et al. for falloff is employed where 

reverse high-pressure reaction (addition) parameters are determined. The corresponding 

high-pressure unimolecular beta scission rate constants using microscopic reversibility are 

then calculated. These high pressure unimolecular elimination parameters are then input to 

the QRRK formalism to calculate the rate constants at the appropriate pressure. An 

alternate method is to use the reverse rate constants from the QRRK - modified strong 

collision reaction calculations for the corresponding addition reaction.
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3.2.4 Dissociation Reactions (Simple Unimolecular)

Simple unimolecular (dissociation) rate constants are determined by two methods similar to 

beta scission reactions. The reverse high-pressure reaction (combination) parameters are 

determined. The corresponding high-pressure unimolecular dissociation rate constants are 

then calculated using microscopic reversibility. These high pressure unimolecular 

dissociation parameters are then input to the QRRK formalism to calculate the rate 

constants at the appropriate pressure and temperature. The reverse rate constant from the 

QRRK combination reaction calculation can also be used for the respective reaction.

3.2.5 Combination Reactions

These reactions involve the combination of two radicals or an atom with a radical. The 

energy of the adduct formed before stabilization is equal to the bond energy of the new 

bond(s) formed and this is typically on the order of 80 to 120 kcal/mol. This is often 

sufficient under combustion conditions for an adduct, with this initial energy above its 

ground state energy, to react to lower energy products before stabilization occurs. The 

high-pressure limit rate constant for combination is obtained from literature or estimated 

from known generic combination reactions. The QRRK chemical activation formalism is 

then used to calculate the rate constants at the appropriate pressure and temperature to all 

the recognized available channels.

Reaction to other new product channels as well as isomerization, stabilization 

and reverse reaction are included in this calculation. This an important aspect of the 

reaction analysis for both combination as well as addition reactions that other modelers 

do not usually incorporate. This leads to a more correct treatment o f fall-off and



25

pressure dependence for these non-elementary reaction systems. Rate constants 

inclusion in for the model are obtained which incorporate the calculated pressure 

dependency and therefore make the model more fundamentally correct.

3.3 Quantum RRK Treatment

Branching ratios of the adduct formed from combination, addition or insertion reactions to 

various product channels are calculated using a quantum version of RRK theory (QRRK) to 

evaluate energy dependent rate constants, k(E), of the adduct to the various channels. 

QRRK analysis, as initially presented by Dean (44, 45, 46), combined with the "modified 

strong collision approach" of Gilbert et al. (47) is used to compute rate constants for both 

chemical activation and unimolecular reactions over a range of temperature and pressure. 

For the chemical activation reactions, stabilization is also included in the calculations.

A significant number o f modifications have been made since the initially 

descriptions of the quantum RRK and fall-off calculations are published (44, 45, 46). 

These modifications include (46);

• The use o f a manifold o f 3 vibration frequencies and respective 

degeneracies, plus incorporation of energies from 1 external rotation mode 

for the calculation o f the ratio o f the density o f states to the partition 

coefficient, p(E)/Q(T).

o The 3 vibrational frequencies and degeneracies are also used in calculation 

of k(E) and ofF(E).

• The FE factor is now explicitly calculated for use in determining the 

collision efficiency pc (47), in place of the previously assigned 1.15 value.



26

• pc is now calculated by :

Pc = [otc /(otc + FE*k*T)]2/A 

from Gilbert et. al. Eqn. 4.7 (47),

A = A, - (FE*k*T)/(ac + FE*k*T)*A2.

Where Ai and A2 are temperature-dependent integrals involving the density 

o f states, and etc is the average energy o f down-collisions.

• The Lennard-Jones collision frequency Z u is now calculated by Zu = Z 

f i (2,2) integral. (48, 49, 50), where £2 is obtained from fit o f Reid et al. (50)

The QRRK analysis with the modified strong collision approach and constant 

FE for fall-off has been used to analyze a variety o f chemical activation reaction 

systems , Westmoreland et al. (51, 52, 53), Dean et al. (52, 54, 55, 56, 57), Bozzelli et 

al. (54-57, 58, 59, 60) It is shown to yield reasonable results in these applications, and 

provides a mechanism by which the effects o f temperature and pressure can be both 

evaluated and included in the kinetics.

Limitations affected by the assumptions in the QRRK and fall off calculations 

are often over shadowed by uncertainties in high pressure limit rate constants and 

thermodynamic properties for species and transition state structures in the chemical 

systems.

Input data requirements for the QRRK calculations :

• Pre-exponential factors (Arrhenius A factors) in the high pressure limits, 

which are obtained from the literature using the methods o f Benson (61) 

and of Dean (44).
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« Activation energies come from endothermicity o f reaction AU™ and from 

analogy to similar reactions with known energetics.

• The Three vibration frequencies and their associated degeneracies are 

computed from fits to heat capacity data, as described by Ritter.(62) These 

have been shown by Ritter to  accurately reproduce molecular heat 

capacities, Cp(T), and by Bozzelli et al.(63) to yield accurate density of 

states p(E) to partition coefficient (Q) ratios. Frequency sets for the adducts 

are listed in Table 1.

® Lennard-Jones parameters (a, elk) are obtained from tabulations(50) and 

from a calculation method based on molar volumes and compressibility 

(64).

• Arrhenius A factors for bimolecular combination o f radicals at the high 

pressure limit are obtained from literature, and from trends in homologous 

series o f these type reactions.

It is important to have accurate input data for the Calculations, without this 

aspect the accuracy or assumptions in the calculations on fall off or chemical activation 

rate constants are of less value. Several of the input parameters for these calculations, 

e.g., thermodynamic properties and kinetic parameters, need to be estimated. This is 

done in a consistent and uniform manner with reference to literature experiment and / 

or theoretical calculations in all cases. The accumulation and referencing of these data 

comprise a major component of this work. The input parameters and references are of
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utmost importance; they are assembled as indicated in the tables associated with each 

calculation in Appendix C.

3.4 Expression of Rate Coefficients: Chebyshev Polynomials

Detailed reaction modeling o f gas-phase kinetics is a powerful tool in the studies of 

combustion and atmospheric chemistry. Rate coefficients for dissociation, 

recombination and chemically-activated reactions can be estimated by statistical 

theories such as QRRK (44, 51), RRKM (65, 6 6 , 67) and SACM (6 8 , 69, 70, 71). 

Temperature and pressure-dependent rate coefficients of elementary reactions can be 

evaluated using one o f these theories. However, calculation of rate coefficients is 

computationally demanding. Empirical or semiempirical approximate formulas, 

therefore, are generally practiced.

Approximations o f fall-off surfaces o f simple unimolecular reactions using 

empirical expressions has been extensively studied such as Troe’s Fcc„t method and 

method of Stewart and coworkers (SRI method hereafter) (47, 72). Less attention has 

been taken for complex chemically-activated systems. Recently, Kazakov et al. (73) 

gave a parametrization formula called generalized-mean-limits formula (GML) based 

on Gardiner’s (74) treatment. They report good agreement for “isothermal” fitting over 

pressure domains. Venkatesh et al. (75) directly approximate the rate coefficients via 

Chebyshev polynomials and report good agreement over broad temperature and 

pressure range for a number of different types o f reaction systems. In light o f the 

accuracy using Chebyshev polynomials for complex chemical activated reaction
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systems, this method has been tested, employed and compared with two convention 

methods, Troe’s and SRI, in this study.

3.4.1 Chebyshev Approxim ants

Chebyshev series (76, 77) in the inverse temperature and logarithm o f pressure are used 

as the approximation o f the logarithm o f the rate coefficients. Temperature and 

pressure are constrained by predefined minimum and maximum values,

T < T < TJ mm  —  •* ~  •* max >

P < P < P* mm —  1  * max •

The Chebyshev polynomial o f degree (7 - I) is given by 

<p; (x) = cos ((*-7) acos (x)) ; / = 1,2, ...,

where x is the variable o f interest defined to be in the close interval [-1, +1], The 

transformations to map the temperature and pressure domain onto the unit square are

r \  r r > - \    r p - \  __  r p - \

* __________  m in  m a x

r T ' - \    y > - l  ’

■‘ m a x  m in

and

2 log -  log Pmin -  Pmax 
^ogPm a- \o g P min

k{T ,P )  is then mapped to k{T ,P ) ,

k ( T , P ) - + k ( T , P ) .

The logarithm o f the rate coefficient is thus approximated as

Af M ___ ^

log k ( T , P )  = Y, l la , j<P,(P)<Pj(P)  ,
i=\ j=\



where N  and M denote temperature and pressure axis respectively and are predefined 

for different orders o f accuracy.

The data points are taken as d x d  Gauss-Chebyshev grid  (76, 77) which is 

given by

where < i < d  .

A 50 x 50 Gauss-Chebyshev grid is taken to fit N by M Chebyshev polynomials 

using Levenberg-Marquardt algorithm in the next section for the reaction systems of 

interest.

3.4.2 Comparison of Modified Troe and SRI Methods and Chebyshev 
Polynomials

The comparison o f average and maximum errors o f reactions tested for modified Troe, 

modified SRI , 7 x 3  and 9x5 Chebyshev approximants are shown as Table 3.1. The 

modified Troe and SRI methods are taken as Venkatesh et al. (75). First, the low- and 

high-pressure limit rate coefficients are enhanced and expressed as



31

where a 0,a x,a2,a3,aA,E 0,b0,bx,b2,b3,bA, and E „ are adjustable parameters. Another 

enhancement is to extend the original single well treatment by explicitly adding the 

number o f wells for different product channels. These modified methods are tested and 

showed better performance for multi-well chemical-activated reactions than the original 

Troe and SRI methods.

C2H 6 decomposed to form C2HS + H  and CH3 + CH3 is a typical unimolecular 

dissociation reaction system. The rate coefficients of later channel are displayed as 

Figure B.74 which shows typical high- and low-pressure limit and fall-off curves of the 

unimolecular reaction through the isothermal slices. From Table 3.1, the average 

errors o f all o f methods are less than 1 0 % for C2H6 decomposition and maximum errors 

are less than 32%. The performances of modified Troe, modified SRI and Chebyshev 

polynomials o f 7 by 3 are similar. The Chebyshev polynomials o f 9 by 5 give excellent 

agreement - less than 2% average errors and 5% maximum errors.

The results o f single well chemical-activation reactions o f CH3 + 0 2 are similar 

to the C2H 6 reactions. Chebyshev polynomials o f 9 by 5 still yields best performance - 

less than 1% average errors and only 4% maximum errors.

For multi-wells chemical activation reactions of CH2OH  + 0 2, the results are 

dramatically different with unimolecular dissociation and single well chemical activation 

reactions. Rate coefficients as a function o f temperature and pressure for first two 

channels are plotted as Figure B.75 (a) and (b). It is obviously hard to fit results of rate 

coefficients for multi channels with traditional single well semi-empirical expressions, 

even extended version of them. The modified Troe method yields about 150%
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maximum errors for first the two channels and the modified SRI method yields about 

700% maximum errors. The results o f two well reaction o f o f CH2OH + 0 2 <-* CH20  

+ H 0 2 are the worst than the other one well reactions. The average and maximum 

errors o f Chebyshev 7 by 3 polynomials are about 10% which are still in an acceptable 

range for kinetic modeling. Chebyshev 9 by 5 polynomials can give excellent 

performance if more accurate expression is required. The price here is more 

parameters (45, about double the number for 7 by 3) and much longer CPU time for 

the fitting (more than four times o f CPU time for 7 by 3 fitting). In some complicated 

systems, the price o f CPU time is high for the speed o f workstations or midrange 

mainframes. Therefore, a balanced choice is 7 x 3 Chebyshev polynomials. This is also 

adopted in the kinetic modeling o f this study.

The absolute relative errors o f these three channels for 7 x 3 and 9 x 5  

Chebyshev polynomials are displayed as Figure B.76, B.77 and B.78. The dramatic 

improvement using 9 x 5  parameters can be seen from the different scale o f error axis.
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Table 3.1 Comparisons o f Average/Maximum Absolute Relative Errors in the Rate 
Coefficients

Reaction modified
Troe

modified
SRI

Chebyshev Approximants

7 x 3 9 x 5

C2H6 <-> C2CHS + H 0 .05/0 .15 0 .04 /0 .09 0 .08 /0 .24 0 .02 /0 .05

C2H6 ch3 + c h3 0 .10 /0 .29 0 .10 /0 .32 0 .08 /0 .27 0 .0 1 / 0.02

CH} + 0 2 CH3(00) 0 .08 /0 .19 0 .05 /0 .19 0 .07/0 .21 0.01 / 0.04

CH3 + 0 2 <-> CH20  + OH 0.05/0 .33 0 .04 /0 .24 0 .08 /0 .30 0.01 / 0.02

CH2OH + 0 2 <-> H0C(00)H2 0 .68/1 .53 0 .79 /6 .87 0.10/0 .51 0 .02 /0 .08

ch2o h  + o 2 <-> c h2o + h o 2 0 .62 /1 .45 0.88/7.11 0 .15 /0 .52 0 .02 /0 .06

CH2OH + 0 2 <-> H0C(0)H2 + 0 0 .39 /0 .80 0 .44/3 .81 0 .0 7 /0 .2 7 0 .02/0 .05

3.5 Computer Codes Used /  Developed for Kinetic Modeling

3.5.1 ThermCal (developed in this study)

The thermodynamic properties related to this reaction system are evaluated from the 

literature. When no literature data are available, the values are estimated using 

ThermCal computer code which is developed in this study and based on THERM (78) 

computer code.

ThermCal can be used to calculate thermodynamic property data for gas phase 

radicals and molecules using Benson’ Group Additivity method (79). All group 

contributions considered for a species are recorded and thermodynamic properties are 

generated in NASA polynomial format (for compatibility with CHEMKIN (80)) in 

addition to a listing which are more convenient for thermodynamic, kinetic and 

equilibrium calculation.
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ThermCal is a “batch” process by contrast with the “interactive” THERM 

computer code. The advantages o f ThermCal are use o f much less memory, much less 

storage for equivalent documant file, and the batch process which makes it portable to 

other computer platforms. An updated NASA format compatible thermodynamic 

property file can be easily obtained by a recalculation o f the input file by running 

ThermCal. This, for example, is required whenever the thermodynamic groups been 

updated. A thermodynamic data base up to C6  for the species with C/H/O elements is 

developed at NJIT and used for modeling the kinetic scheme o f elementary reactions 

input to the program.

3.5.2 ThermCvt /  ThermSrt (developed in this study)

ThermCvt is programmed to convert therm document file (*.doc) to ThermCal type 

input file. ThermCvt serves to avoid from human key-in error and save a great deal of 

time. ThermSrt is a sorting program to sort the ThermCal input file by the order 

specified in therm.cfg configuration file.

3.5.3 RadiCalc (used in this study)

RadiCalc (81) is a computer code that estimate the entropies and heat capacities of 

radical species and transition structures. The calculation is based upon the properties of 

these parent molecules. It calculates the effect o f loss o f vibrational modes (including 

inversion) and/or changes in barriers to internal rotation and moments of inertia. 

Databases are complied from literature data on generic vibrational frequencies, 

moments o f inertia and changes in the barrier to rotation.
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3.5.4 ThermFit (used in this study)

ThermFit (82, 83) is a computer code that determine geometric mean frequency as well 

as a three frequency set. It accepts input in the form o f heat capacities versus 

temperature to 1000 K in addition to the number o f vibrational modes and the number 

o f internal rotors in the molecule. This code fits the heat capacity data in the above 

range to a five parameter harmonic oscillator model and extends the temperature range 

to 5000 K. An additional method o f estimating the vibrational frequencies o f a radical is 

to use MOP AC.

3.5.5 CHEMACT (modified in this study for fitting of Chebyshev Polynomials)

CHEMACT (84) is a computer code that uses the quantum version of RRK theory 

(QRRK) to evaluate k(E) and modified strong collision theory of Gilbert et al. for 

falloff as functions o f temperature for various channels that can result in addition, 

combination and insertion reactions as stated in the previous section. Since the rate 

constants depend on both pressure and temperature o f interest in the modeling 

calculation, a fitting optional o f flexible a N x M Chebyshev polynomials expression as 

discussed previously is now available with user definable data grid. An output file that 

is CHEMKIN input compatible, is generated for pasting to the input file o f modified 

CHEMKIN drivers for kinetic modeling.

3.5.6 CHEMKIN Interpreter and Library (modified in this study)

The CHEMKIN interpreter has been modified in this study to take the flexible matrix 

size o f Chebyshev polynomials and to generate the appropriate link file for further 

processing. Subroutines involving kinetic rate coefficient calculation and array size
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initialization are also modified to incorporate the Chebyshev polynomials expression. 

The advantage o f modifying the CHEMKIN library instead of involving modification of 

drivers is any existing drivers can just link with the modified CHEMKIN library to take 

temperature and pressure dependent Chebyshev polynomials without modification. A 

couple o f drivers have been linked with the new CHEMKIN library and tested. These 

include a shock tube driver, a constant temperature and pressure driver, and an 

adiabatic constant pressure driver.

1



CHAPTER 4

CH2OH + 0 2 AND CH20  + HO2 REACTION SYSTEMS

4.1 Introduction

The CH2OH + 0 2 reaction is important in the methanol oxidation reaction system. 

CH2OH is formed from the abstraction o f H from methanol by radicals. The reaction 

system is also important in evaluating kinetic parameters for 0 2 reactions with alkyl 

hydroxyl radicals, that result from OH addition to olefins and aromatic compounds. 

The second reaction is responsible for creation of hydroxyl peroxy radicals which can 

further react to form C 0 2 and acids.

Dr. Lev N. Krasnoperov initials the idea o f hydrogen bonded complex for this 

reaction systems and helps me with the kinetic and thermodynamic calculations on this 

reaction systems. Without his help, this work can not be done.

Radford (85) measured a rate constant of CH2OH + 0 2 reaction of 1 .2xl012 

cm3 mole' 1 s' 1 at 300 K and 0.5 Torr from relative H 0 2 formation using laser magnetic 

resonance (LMR) to monitor HO2 and by varying 0 2 concentration for a fixed 

residence time. The rate constant measured is similar to a value of 8.4x10n cm3 mole' 1 

s’1 at 298 K and 1.5 Torr obtained by Wang et al. (8 6 ) who detected HO2 from OH 

photofragment emission. Those two experiments are similar in that they use a 

discharge flow reactor, but the HO2 measurement are different. Both of the rate 

constant obtained are lower than other measurements.
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A rate constant o f 5 .7xl012 cm3 mole' 1 s' 1 at 298 K and 0.3 to 0.9 Torr is 

obtained by Grotheer et al. (87) from CH20H profiles on a molecular beam sampling 

mass spectrometer. This reaction forms CH20  as the major channel as concluded from 

simultaneous CH20  measurements. The MS method was also used by Payne et al. 

(8 8 ) and a rate constant of 5 .2x l0 12 cm3 mole' 1 s' 1 at 298 K and 1.0 Torr was obtained.

Dobe et al. (89) monitored the CH20H decay by LMR in a isothermal flow 

system and obtained rate constant of 6 .4x l012 cm3 mole' 1 s' 1 at 296 K and 0.52 to 4.88 

Torr. No pressure dependent in the pressure range o f above was observed.

Pagsberg et al. (90) detected the CH2OH radical by UV absorption in a static 

reactor and reported a rate constant of 5 .3xl012 cm3 mole' 1 s' 1 at 298 K and 760 Torr

A rate experiment using a discharge flow system at 215 to 300 K and 1.0 Torr 

was performed by Nesbitt et al. (91) Rate constant was determined by monitoring the 

decay of CH20H using mass spectrometry. However, large intercepts in the k vs. 0 2  

plots may indicate a wall problem.

Miyoshi et al. (92) reported a rate constant of 7.0x1012 cm3 mole' 1 s' 1 at 296 K 

and 1.3 to 5.5 Torr by laser flash photolysis-photoionization mass spectrometry.

For the reaction o f CH20  + H 0 2 -> H2(OH)COO which is the reverse of 

CH2OH + 0 2, the forward and reverse rate constants are measured by Veyret et al. (93) 

using the technique o f flash photolysis kinetic spectroscopy over a temperature range 

o f 275 to 333 K and a pressure range of 85 to 170 Torr. Same experiment but at 298 

K and 55 to 265 Torr was also performed by Veyret et al. (94)
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Evleth et al. (95) characterized the CH20  + H 0 2 reaction at ab initio levels and 

reported the pathway via hydrogen-bonded complex. The experimental kinetic data 

can not be explained unless the hydrogen-bonded complex CH2O ..H O O  is 

incorporated into the potential energy diagram and reaction system.

4.2 Calculations and Input Parameters 

Branching ratios at different temperatures and pressures are calculated using computer 

code "CHEMACT" discussed in previous chapter. A quantum version o f RRK theory 

(QRRK) was used to evaluate energy dependent rate constants, k(E), for different 

channels. All input information required for QRRK calculations (set o f frequencies or 

Cp(T)) was obtained from literature data as well as by Group Additivity.

The potential energy diagram is shown as Figure B.79 and the input parameters 

for QRRK calculations are summarized in Table 4.1 and 4.2. The potential energy 

diagram for the reaction system includes H (0H )C =0 + OH, H2C =0 + H 0 2, 

H (0 0 H )C = 0  + H, H2(OH)CO» product channels with H2(OH)COO«, C* 

H(OOH)OH, CH2(00 H )0 »  and H2CO..HOO» intermediates. This is based on 

existing experimental and theoretical data and on Group Additivity estimation 

techniques. Analysis indicates that the experimental kinetic data can not be explained 

unless the hydrogen-bonded complex CH2O ..H O O  is incorporated into the potential 

energy diagram and reaction system.
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Table 4.1 QRRK Input Parameters for CHjOH + 0 2 <-» [H2(OH)COO»]* -»  Products

Reaction A (s' 1 or cm3/(mol*s)) Ea (kcal/mol)
1 CH2OH + 0 2 ->  H2(O H)CO O 6.00E+12 0.0

-1 H2(O H )C O O  -> CH2OH + 0 2 2.93E+16 T-o.54e-o.ooii8T 34.4
2 H2(OH)COO« -»  H2(OH)CO* + 0 7.55E+14 57.5
3 H2(OH)COO® - > h 2c o . .h o o » 4.96E+6 T2-i1e'°-00069T 8.6

-3 H2C 0 ..H 0 0 . -> H 2(OH)COO* 3.76E+7 T10 1.3
4 h 2c o . .h o o «  -> H2C = 0 + H 0 2 (I) 5.87E+17 T'2-68e'0 00007T 7.2
5 H2(O H )C O O  -> CH2(OOH)0» 6 .86E+8 T10 21.8

-5 CH2(OOH)Oo -> H2(OH)COO» 5.56E+8 TO -84e 0.00042T 7.7
6 c h 2(o o h )o *  -»  h 2c = o + h o 2 (n ) 1.40E+14 5.0
7 H2(OH)COO* -> C*H(OOH)OH 5.90E+9 T10 37.1

-7 C»H(OOH)OH -> H2(OH)COO. 4.19E+9 T°-8e0 00064T 31.6
8 C«H(OOH)OH H(OH)C=0 + OH 3.31E+13 1.0
9 C®H(OOH)OH -4- H(OOH)C=0 + H 3.24E+13 22.5

frequencies/degenercies (from CPFIT): 415 cm-1/6.178, 1506 cm'V5.998, 3198 cm-
V2.824

Lennard-Jones parameters: a  = 4.83 A, elk = 488 K 
<AE>dawn = 800 cal/mol, Bath gas = N 2

kj Aj taken as double o f C C -+ 0 2 addition from J. W. Bozzelli and A. M. Dean, 
J. Phys. Chem., 1990. 

k., Microscopic Reversibility (MR) with the temperature range o f 298 K and 2000 
K.

k2 A2 from MR with A.2 = 2.00E+13 based on addition of O to CH3 

k3 A3 = (1013-55)(10ASl'/4-6), A S # = -6.4; Ea3 = A H 3 + 2.0 by transition state 
calculation, transition state thermo properties based on Evleth et a l,  J. Phys. 
Chem., 1993.

k.3 A.3 = (ekT/h)[exp(ASH/R)], A S" = -14.4; Ea.3 = 2.0 by transition state 
calculation, transition state thermo properties based on Evleth et al., J. Phys. 
Chem., 1993.

k4 Based on the study o f CH20  + H 0 2 system in this paper. 
k5 As = (ekT/h)[exp(AS/VR)], A S  = -8 .6  (loss of 2 rotors); Ea5 = A H 5 + ring 

strain (4.7) + Eabslracll0n (3.0), ring strain from J. W. Bozzelli and A. M. Dean, J. 
Phys. Chem., 1990. 

k.s MR with the temperature range o f 298 K and 2000 K.
k6 Ag from MR with A^ = 6.05E+11 and Ea^ = A H  6 + 5.0, based on addition of 

H 0 2 to C2H4 by Tsang's recommendation, J. Phys. Chem. Ref. Data, 1987.
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k7 A7 = (ekT/h)[exp(A S,f/R)](2), A S  = -4.3 (loss of 1 rotors); Ea, = A H 7 + ring 
strain (23) + (8 .6 ), ring strain from J. W. Bozzelli and A. M. Dean, J.
Phys. Chem., 1990. 

k.7 MR with the temperature range o f 298 K and 2000 K.
k8 Ag from MR with A.g = 2.7E+12, which is one half o f the rate constant for

addition o f OH to C2H4, Atkinson et a l ,  J. Phys. Chem., 1989; Eag from Soto 
and Page, Chem. Phys. 1991. 

kg Ag from MR with A.9 = 1.46E+13, which is one half o f the rate constant for
addition o f H to C2H4 and Eag = AHg + 2.7, based on NIST fitting.
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Table 4.2 QRRK Input Parameters for H 2C=0 + H 0 2 <-> [H2C O ..H O O ]* —> 
Products

Reaction A (s'* or cm3/(mol*s)) Ea (kcal/mol)
1 H 2C =0 + H 0 2 -> H2C O ..H O O 5.00E+10 0.0

-1 h 2c o ..h o o  -> h 2c =o  + h o 2 5.87E+17 T-2-68e-000007T 7.2
2 H 2C O ..H O O  H2(OH)COO» 3.76E+7 T 10 1.3

-2 H2(O H )C O O  - > h 2c o ..h o o » 4.96E+6 T2 ne -0 00069T 8.6
3 H 2(O H )C O O  -> c h 2o h  + 0 2 9.00E+14 34.4
4 H2(OH)COO« ^  H2(OH)CO» + 0 7.55E+14 57.5
5 H 2(O H )C O O  -> CH2(OOH)0« 6 .86E+8 T 10 21.8

-5 CH2( 0 0 H ) O  -» H 2(OH)COO. 5.56E+8 T 0 .8 4 e 0.00042T 7.7
6 CH2(O O H )0. c h 2o  + h o 2 1.40E+14 5.0
7 H 2(OH)COO« ^  C»H(OOH)OH 5.90E+9 T10 37.1

-7 C®H(OOH)OH -> H2(OH)COO» 4 19E+9 T°-8e0 00064T 31.6
8 C»H(OOH)OH -> H(OH)C=0 + OH 3.31E+13 1.0
9 C®H(OOH)OH H(OOH)C=0 + H 3.24E+13 22.5

frequencies/degenercies (from CPFIT): 188 cnrV5.857, 1308 cnrV5.714, 2952 cm'
V3.430

Lennard-Jones parameters: a  = 4.83 A, £/k = 488 K 
<A £>down = 800 cal/mol, Bath gas = N2

k[ This study, estimated from the reaction o f CH20 + H 0 2 = CQ • H 2OH, Veyret el 
a l ,  J. Phys. Chem., 1989. 

k , Microscopic Reversibility (MR) with the temperature range of 298 K and 2000 
K.

k2 A2 = (ekT/h)[exp(AS*/R)], AS* = -14.4; Eaj = 2.0 by transition state 
calculation, transition state thermo properties based on Evleth et al., J. Phys. 
Chem., 1993.

k.2 MR with the temperature range of 298 K and 2000 K. 
k3 A3 from MR with A.3 taken as double of CC • + 0 2 addition from J. W. Bozzelli 

and A. M. Dean, J. Phys. Chem., 1990. 
k4 A4 from MR with A^ = 2.00E+13 based on addition o f O to CH3. 
k5 A5 = (ekT/h)[exp(AS*/R)], A S  = -8 .6  (loss o f 2 rotors); Ea5 = A H 5 + ring

strain (4.7) + Eabstraction (3.0), ring strain from J. W. Bozzelli and A. M. Dean, J.
Phys. Chem., 1990. 

k 5 MR with the temperature range of 298 K and 2000 K.
k6 A<5 from MR with A^ = 6.05E+11 and Ea^ = AHL, + 5.0, based on addition of

H 0 2 to C2H4 by Tsang's recommendation, J. Phys. Chem. Ref. Data, 1987.
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k7 A7 = (ekT/h)[exp(AS#/R)](2), A S  = -4.3 (loss of 1 rotors); Ea ,̂ = A H 7 + ring 
strain (23) + Eabslraction (8 .6 ), ring strain from J. W. Bozzelli and A. M. Dean, J. 
Phys. Chem., 1990. 

k 7 MR with the temperature range o f 298 K and 2000 K.
kg Ag from MR with A_8 = 2.7E+12, which is one half of the rate constant for

addition o f OH to C2H4, Atkinson et al., J. Phys. Chem., 1989; Eag from Soto 
and Page, Chem. Phys. 1991. 

kg Ag from MR with A.9 = 1.46E+13, which is one half of the rate constant for
addition o f H to C2H4 and Ea, = A H 7 + 2.7, based on NIST fitting.
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The input parameters required for QRRK analysis are discussed in previous 

chapter except the estimation o f high pressure rate constants. Elimination or 

dissociation rate constants are calculated thermochemically from the reverse (e.g. 

addition, combination) reactions and microscopic reversibility if literature data is not 

available. The addition or combination rate constants are taken from literature or 

estimated from the trends in homologous series o f this type of reactions or analogous 

reaction. Isomerization rate constants are analyzed via Transition-State-Theory (TST) 

and thermochemical kinetic methods o f Benson. The high pressure A factor is 

calculated as A = (ekT/h)[exp(AS#/R)], where A S # is the entropy difference from 

reactant to transition state. The activation energy is calculated as the sum of 

abstraction barrier, ring strain, plus enthalpy of isomerization where the reaction is 

endothermic.

4.3 Results and Discussion

The results o f CH2OH + 0 2 calculations are displayed in Figure B.80 to B.84 and the 

comparison with experimental data is in Figure B.85. There are two pathways to form 

the CH20  + H 0 2 products. One is via H2C (0 0 » )0 H  isomerization to CH2(0 0 H )O , 

which then decomposes to CH20  + H 0 2. The rate constant via this pathway is about 

two orders o f magnitude smaller than the pathway via hydrogen-bonded complex and 

reported experimental data at low pressure and temperature. The dominance of 

hydrogen-bonded channel is why the experimental kinetic data can not be explained 

unless the hydrogen-bonded complex CH2O..HOO» is incorporated into the potential 

energy diagram and reaction system. The formation of CH20  + H 0 2 adduct is the
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dominate channel for pressures < 1 atm and temperature < 2000 K. The stabilization 

adduct o f H2C (0 0 » )0 H  formation is important for pressures > 3 atm at 298 K and for 

p >  25 atm at 900 K. The Acid formation adduct is important for T > 2000 K.

Figure B .8 6  to B.89 show the results o f CH20  + H 0 2 reaction. A comparison 

o f CH20  + H 0 2 <-> H2(OH)COO» with forward and reverse experimental data is 

plotted in Figure B.90 which shows good agreement for both directions. Adduct 

formation is important for pressures above 0.01 atm at 298 and p  above 0.15 atm at 

900 K. Here, formation o f CH2OH + 0 2 and H C 02H + H surpasses stabilization in 

importance at 0.005 atm and 900 K, and increase in importance with increasing 

temperature.

Results o f this study confirm the importance o f hydrogen bonded complex for 

this reaction system and suggest the possible importance of such a complexes in other, 

similar systems. The reaction description is based entirely on "complex formation" 

mechanism without "direct reaction". Results o f these calculations, which are based on 

limited, low-pressure and narrow temperature range experimental data, can be used in 

combustion models over a wide temperature and pressure range.
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CHAPTER 5 

METHANOL PYROLYSIS AND OXIDATION

5.1 Methanol Pyrolysis

5.1.1 Experimental Results

Methanol pyrolysis is studied over a pressure range from 1 to 1 0  atm at 1073 K under 

isothermal reactor conditions. The reactant concentrations at different pressures are 

listed in Table 5.1.

Table 5.1 Experimental conditions o f methanol pyrolysis

Pressure Molar Fraction
Methanol Argon

1 atm 0.03950 0.96050
3 atm 0.01317 0.98683
5 atm 0.00790 0.99210
8  atm 0.00494 0.99506
8  atm 0.00250 0.99750

10  atm 0.00395 0.99605

Experimental results on methanol pyrolysis at 1073 K and a pressure range 

from 1 to 10 atm are displayed in Appendix B, Figure B-7 to B-12. Methanol decay 

curves at different pressures are displayed as normalized concentrations (C/Co) versus 

reaction time in Figure B.91.

Methanol decays and forms the intermediate stable products: formaldehyde 

which then decomposes to carbon monoxide. The decay rate of methanol increases 

with increasing pressure, however, the differences between 5, 8  and 10 atmospheres are

46
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less than 5%. Normalized concentrations (C/Co) o f  methane formation are about the 

same for different pressures.

5.1.2 Kinetic Modeling

The initial decomposition steps of methanol below are analyzed by QRRK formalism 

for k(E) and modified strong collision theory o f Gilbert et al. for falloflf. The potential 

energy diagram is shown in Figure B.92 and the input parameters for QRRK analysis 

are in Appendix C. The barriers of HCOH + H2, *CH2 + H20  and CH20  + H 2 channels 

are taken from the study o f Walch (96) using complete-active-space self-consistent- 

field (CASSCF) / internally contracted configuration-interaction (CCI), ab initio 

calculations. The reverse o f 'CH2 + H20  channel is found to have no barrier. The 

barriers o f the reverse o f HCOH + H2 and CH20  + H 2 channels are calculated as -5.2 

and 1.7 kcal/mol with respect to the energy level o f CH3 + OH channel. The barriers of 

HCOH + H2) *CH2 + H20  and CH20  + H2 channels are then can be derived as 87.4, 

90.9 and 94.3 kcal/mol respectively. The unimolecular dissociations show that CH3 + 

OH channel is dominant at moderate temperature (i.e. about 1000 K) and HCOH + H2 

channel becomes important when temperature increases.

—» CH3 + OH AHno, = 92 kcal/mol

HCOH + H2 AH™ = 71 kcal/mol

—> 'c h 2 + h 2o AHpu, = 92 kcal/mol

—> c h 2o  + h 2 AH™, = 74 kcal/mol

-> CH2OH + H AHno, = 97 kcal/mol

—> CH30  + H AHpu, = 104 kcal/mol
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Abstraction reactions: two H atom abstraction reactions are found to be the 

most significant after the initial decomposition o f methanol to form CH2OH and CH30  

radicals.

CH3OH + H -> CH2OH + H2

CH3OH + H -> CH30  + H2

There are no well accepted rate coefficients for CH3OH + H abstractions 

available. Warantz’s data are adopted in Norton’s mechanism and this study. The ratio 

for forming CH2OH and CH30  is 4 to 1. The CH2OH and CH30  radicals decompose 

beta scission to form formaldehyde:

CH2O H + M  -> CH20  + H + A /

CH3O + M  -> CH20  + H + M .

These two unimolecular decomposition reactions are pressure dependent and 

are analyzed by QRRK analysis.

Formaldehyde, important intermediate decays mostly by H abstraction reaction : 

CH20  + H HCO + H2.

The decomposition reaction of HCO + M  -»  CO + H + M  is found to be the 

dominant channel to form the pyrolysis final product of carbon monoxide.

Comparisons o f modeling and experimental results at 1 and 3 atm are illustrated 

in Figure B.93 and B.94 and show good agreement for both reactant decay and main 

product formations at 1 atm. At 3 atm, the modeling result is a little faster than 

experimental data. Methane formations are under predicted at both conditions. The 

model predicts even faster decay of methanol than experimental at higher pressure.
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5.2 Methanol Oxidation

5.2.1 Experimental Results

Methanol oxidation experiments are performed with two reactant ratio sets which 

represent stoichiometric and fuel lean conditions over temperature range o f 873 to 

1073 K and a pressure range of 1 to 5 atm. The reactant concentration ratios are:

Fuel Lean «}> = 0.75 CH3OH : 0 2 : AR = 0.0078 : 0.0156 : 0.9766 

Stoichiometric <}>=1.0 CH3OH : 0 2 : AR = 0.0078 : 0.0117 : 0.9805. 

Results o f methanol oxidation are shown in Figures B-13 to B-60, which plot the mole 

fraction as a function o f reaction time and temperature, at conditions ranging from of 

873 to 1073 K, pressures of 1, 3 and 5 atm and two equivalence ratios o f 1.0 and 0.75.

Changes in methanol conversion, intermediates and products profiles under 

conditions o f excess oxygen (equivalence ratio = 0.75) are small relative to reaction at 

stoichiometric conditions for all temperatures and pressures studied. Methanol starts to 

decay at 923 K and 100% conversion is observed at 1073 K, at 1 atm and reaction time 

of 0.15 second. For 3 atm and reaction time of 0.6 second, methanol decay starts at 

873 K and is 95% converted at 923 K. For 5 atm and reaction time o f 0.6 second, 

methanol conversion is 5% at 873 K and 99% at 923 K.

At increased temperatures, maximum formaldehyde levels decrease and this 

intermediate only exists for a short residence time (ca. 0.2 seconds). CO increases 

rapidly with the conversion o f methanol. The formation of CO2 starts to occur when
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significant amounts o f C O  produced. At higher temperature, oxidation o f C O  occurs 

rapidly to the final product C O 2 .

Methane is observed as a minor product. Impurity, methane, has been found in 

the supply gas at a level o f few ppm. The experimental result o f methane is calibrated 

by the blank (by-pass) correction. Due to the low concentration o f methane, 

hydrocarbon molecular weight growth species are not detected (probably below few 

ppm, instrument detection limit).

5.2.2 Kinetic Modeling

After methanol decomposition occurs, the following reactions play important roles for 

the methanol decay in the oxidation condition and intermediate temperature. In

contrast to pyrolysis where H  atom is important, C H 3 O H  +  O H  is now the most

responsible reaction after unimolecular decomposition for the methanol decay.

C H 3 O H  +  O H  - »  C H 2 O H  /  C H 3 O  +  H 20 2

C H 3 O H  +  H 0 2 - >  c h 2o h  /  C H 3 O  +  H 20

C H 3 O H  + H -> C H 2O H  /  C H 3 O  + H2

The reaction o f C H 2 O H  radical with O 2  to form formaldehyde and hydroperoxy 

radical is the most important reaction for the production of important intermediate, 

formaldehyde.

C H 2 O H  +  0 2 [ . O O C H 2 O H ] #  - >  , o c h 2o h  +  O

- >  [ H O O C . H O H ] #  - >  H C O 2  +  O H

- >  [ C H 2 O . . . H O O ] #  - >  C H 2 O  +  H O 2

- >  [ H O O C H 2 O . ] #  C H 2 O  +  H O 2
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CH2OH + 0 2 (Reverse - No Rxn)

- » .OOCH2OH (Stabilization)

A more detailed discussion o f the CH2OH + 0 2 reaction is described in Chapter 

4. There are two pathways to form CH20  + H 0 2. One through the isomerization of 

[,OOCH2OH]# to [H 00C H 20 . f  then forms CH20  + H 0 2 when another through the 

isomerization o f ,OOCH2OH to [CH2 0 ...H0 0 ],,, hydrogen-bonded complex. The 

experimental kinetic data can not be explained through the first route unless the 

hydrogen-bonded complex CH2O..HOO« is characterized and incorporated into the 

potential energy diagram and reaction scheme o f Evleth et al.

Hydroperoxy radical reacts with hydrogen atom to form hydroxyl radical. This 

is found to be an important source o f hydroxyl radical for the CH3OH + OH abstraction 

reaction.

Formaldehyde then decays mostly by the reaction of CH20  + OH —> HCO + 

H2O. The decomposition reaction o f HCO + M  -»  CO + H + M  is found to be the 

dominant channel to form carbon monoxide and CO + O + M  —» C 0 2 + M  to form 

final product of carbon dioxide.

Comparisons of the model and the experimental results at 5  atm and two 

equivalence ratios: stoichimatric (jf> =  1 )  and fuel lean ( <f> =  0 . 7 5 ) ,  are in Figures B . 9 5  

and B.96. These show reasonable agreement for reactant decay and main product 

formation. . Reaction changes in methanol conversion and the intermediates or 

products profiles under conditions o f excess oxygen (equivalence ratio =  0 . 7 5 )  are 

small relative to those illustrated at stoichiometric conditions throughout all
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temperatures and pressures studied, in both the experimental data and model 

predictions.

Figures B.97 to B.99 shows the comparisons o f modeling and experimental 

results for reactant conversion and product distribution versus temperature at 5 atm, 

average residence times o f 0.8, 1.0 and 1.5 seconds respectively. The reactant decay 

and major product distributions are in reasonable agreement but the model predicts 

faster CO oxidation at higher temperature (ca. > 1000 K). The methane impurity is 

possibly why the methane been observed even at more than 99% of methanol been 

convert to C 0 2.

At 3 atmospherics pressure, modeling result is a little slower than the observed 

experimental data. Figure B.100 shows a time delay o f 0.15 second for modeling result 

relative to experimental data. In general, there is a longer time delay for the model 

compared with experimental data at lower pressures. At lower pressure and 

temperature, decay will occur at longer residence times which are unfortunately, out of 

the flow range of the flow controller used in this study.

5.3 Summary

The pyrolysis and oxidation of methanol follow the decomposition order of CH3OH —> 

CH20  —» CO —» C 0 2. C 0 2 is observed in the oxidation studies only. The important 

reactions can be summarized as below.



CHAPTER 6

EFFECTS OF METHANOL ADDITION TO METHANE OXIDATION

6.1 Experimental Results

Experiments and model calculations were performed to determine the effects of 

methanol on methane oxidation. The total mole fraction o f CH4 + CH3OH was hold 

constant at 1.56%. Experiments on methane oxidation for pure methane and for 

mixture o f CH4 /  CH3OH at 100% increments o f CH3OH up to equal molar were 

conducted. The results show that addition o f CH3OH to CH4 oxidation at a near 

constant fuel equivalence ratio, dramatically increased CH4 conversions.

Experimental results on oxidation o f methane / methanol mixtures are shown as 

Figures B-61 to B-72. The presence o f a small quantity of methanol increases the rate 

of CH3OH decay. Methanol is observed to have a significant acceleration effect on 

methane oxidation. The experimental results are obvious and a uniform trend is 

observed over the temperature, pressure and relative concentration range of the 

methane /  methanol mixtures.

The ratio o f methane / methanol is varied with a constant total mixture 

concentration and equivalence ratio to understand and verify the methanol acceleration 

effect on methane oxidation. At equal molar mixtures conversion of methane is 

enhanced by 50% at 1.5 seconds reaction time and further enhancement is slight.

Molecular weight growth species: ethane and ethylene are also observed which 

result from C H 3 +  C H 3  recombination reactions.
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6.1 QRRK analysis of CH3 + 0 2 reactions

CH3 is the initial radical intermediate in CH4 oxidation. The major reaction of CH3 at 

low CH3 concentration is reaction with 0 2. A potential energy level diagram for CH3 

reaction with 0 2 is shown in Figure B.101 and a reaction scheme is as below.

CH20  + O 
t

CH3 + 0 2 o  [CH30 0 ] *  o  [CH2OOH]* -> c h 2o  + o h

4, 4
c h 3o o  c h 2o o h

CH3 reaction with 0 2 forms [CH30 0 ]*  complex. The [CH3OOj* complex can 

either stabilize, form CH30  + O, isomize to [CH2OOH]* or go back to reactants. The 

[CH2OOH]* isomer can also isomerize back to [CH30 0 ]* , stabilize or form the 

products: CH20  + OH.

High-pressure-limit input parameters for the CH3 + 0 2 combination to form the 

CH30 0  complex, are taken from Cobos et al. (97) The input parameters for 

dissociation of the complex back to reactants are calculated by microscopic reversibility 

with the temperature range 298 to 2000 K. Parameters for the CH30  + O product 

channel are obtained from an estimate o f 5.0 x 1013 cm3mol'1s' 1 for the high-pressure 

recombination rate constant via microscopic reversibility. The A factor of 

isomerization is taken as Transition State Theory loss o f one rotor (AS* = -4.3 cal/mol) 

and the degeneracy of 3. The activation energy is estimated as a sum of reaction 

enthalpy, ring strain (26 kcal/mol) and H abstraction (6  kcal/mol). The A factor of exit 

channel, CH20  + OH, is calculated from microscopic reversibility with reverse taken as
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the addition o f OH to CH3CHO by Semmes et al. (98) with Ea is estimated as 2 

kcal/mol from the intrinsic activation energy expected for OH addition.

Comparisons o f experimental and QRRK results for CH3 + 0 2 —» CH30 0  in 

argon and nitrogen bath gas are displayed in Figure B.102 and CH30  + O and CH20  + 

OH channels are in Figure B.103. Results for CH3 + 0 2 to all channels at atmospheric 

pressure are displayed in Figure B.104.

Here one can see a dramatic difference from the CH2OH + 0 2 reaction system; 

there is no low energy exit channel such as the CH20  + H 0 2 product set in CH3 + 0 2.

6.2 Com parison of M ethane oxidation versus methanol oxidation

The comparison o f methane and methanol oxidation can be described in three stages:

6.2.1 Initiation

Several channels of CH3OH unimolecular decomposition are much lower in energy than

C H 4  and therefore faster than CH» decomposition.

C H 3 O H -> C H 3 +  O H AHm, = 92 kcal/mol

— > HCOH + H2 AHrxn = 71 kcal/mol

-> ‘c h 2 + H20 AHpu, = 92 kcal/mol

—> c h 2o  + h 2 AHnu, = 74 kcal/mol

C H 4 —> C H 3 +  H AHrxn = 103 kcal/mol

6.2.2 Propagation

H -C H 2OH has a lower bond energy (97 kcal/mol) than H -CH 3 (105 kcal/mol). 

CH2OH forms easier than CH3 (from CH4) by decomposition as well as through
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abstraction reactions. CH2OH also has a much more rapid unimolecular decomposition 

channel relative CH3.

CH3 —» CH2 + H AHra =108 kcal/mol

CH2OH -> CH2O + H  AHnu, = 30 kcal/mol

Therefore, propagation reactions o f CH3OH oxidation are faster than CH4 

oxidation too.

6.2.3 Oxidation

Methane oxidation, CH3 + O2 which will be discussed in next section is much slower 

than that o f CH2OH + 0 2. The difference between CH2OH + 0 2 and CH3 + 0 2 

reaction system is that CH2OH + 0 2 has a low energy exit channel. Barrier is below 

the energy level o f initial CH2OH + 0 2 reactants to products, CH20  + H 0 2. This 

explains the faster CH2OH + 0 2 reaction.

6.3 Acceleration of Methane oxidationby Added Methanol

Comparisons o f modeling and experimental results for oxidation o f methane /methanol 

mixtures with equal initial concentration at 873 K and 5 atm in stoichiometric reaction 

condition are shown in Figure B.105 and B.106. Methane conversion is more than 

50% at 1.5 seconds, when there is almost no conversion at all, without methanol under 

the same conditions.

Methanol decomposes faster than methane as stated in previous section. The 

important intermediate, CH2OH, then reacts with 0 2 and undergoes unimolecular decay 

to accelerate the radical pool production. The formation of OH and H 0 2 radicals 

accelerated and the OH initiates methane abstraction reactions.
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Figure B.107 shows the methanol acceleration effect on methane oxidation at 

varied ratios o f methane/methanol (100/0, 90/10, 85/15, 75/25, 50/50) but constant 

total initial mixture concentration and equivalence ratio for both the experimental and 

modeling results. The more methanol added, the faster is methane conversion. 50% 

methane conversion is reached at about 1.5 seconds reaction time with equal initial 

concentration o f methane and methanol, when there is no decay o f methane with no 

methanol added.

Figure B.108 shows the effect o f methane added to methanol oxidation at 873 

K and 5 atm in stoichiometic (overall) condition is small. Comparisons of methanol 

decay for 0.78% methanol (neat methanol) and a mixture o f 0.39% methane and 0.39% 

methanol, initial concentration, shows very small difference in conversion results. 

Comparing the 0.39% and 0.78% methanol oxidation in Figures B.108 and B.109, we 

observe effectively the same CH30H conversion. There is very little effect of adding 

methane to methanol oxidation.



CHAPTER 7

M TBE (M ETHYL TERT-BUTYL ETHER) OXIDATION

7.1 Pyrolysis of M TBE

7.1.1 Experim ental Results

MTBE pyrolysis experiments have been performed in collaboration with Chiung-Ju 

Chen (NJIT) at atmospheric pressure and over a temperature range o f 873 and 948 K 

with a 0.5% constant initial concentration using argon as bath gas. The pyrolysis of 

MTBE is dominated by the unimolecular decomposition of MTBE at low to

intermediate temperatures o f this study. That this C 3 C O C  —» C2C=C + C H 3 O H

reaction dominates, is verified in this study by a combination of QRRK analysis and 

mechanism sensitivity analysis.

The experimental data of MTBE decay is plotted as -In (C/C0) versus reaction 

time in Figure B.110, in order to get the overall reaction rate constant o f MTBE

pyrolysis. The regression results are in Table 7.1.

Table 7.1 Regression results o f overall rate constant for MTBE pyrolysis experimental 
data

Tem perature/K kM TB E pyrolysis / S

873 0.167
898 0.493
923 1.331
948 2.936

7.1.2 Unimolecular Dissociation of C3COC

The initiation reactions are unimolecular decompositions of MTBE :
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C3COC — C2C=C + CH3OH AH™ = 19 kcal/mol

k, -> C3C- + CH30  AHjxn = 8 6  kcal/mol

C3CO- + CH3 AH™ = 82 kcal/mol

k. C2COC + CH3 AH™ = 89 kcal/mol

C3COC- + H  AH™ = 97 kcal/mol

C3 COC + H AH™ = 101 kcal/mol

The MTBE dissociation reaction is the important reaction in the both o f the 

MTBE pyrolysis and oxidation reaction systems. The energy level diagram and input 

parameters for the chemical activation calculations are shown in Figure B. I l l  and 

Appendix C.

The channels involving loss o f a H atom are o f no importance due to the higher 

energy barrier of breaking the C—H bond compared with C—O and C--C bonds. The 

relative A factors for C—H bond cleavage are also lower, further reducing the relative 

probability for these reactions. The calculation results indicate that the dominant 

channels are the dissociations to C2C=C + CH3OH and C3C- + CH30 . The apparent 

rate constants o f both reactions are consistant with their high pressure limits when the 

temperature is below than 800 K and the pressure higher than 0.001 atm.

The unimolecular elimination, channel (1), is dominant when the temperature is 

lower than ~900 K. This is consistent with Daly et al. (1) and Choo et al. (2) 

conclusion’s that the decomposition reaction o f MTBE is a four-center molecular 

elimination at temperatures ~700 K.
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The effect of temperature on the falloff behavior o f dissociation reactions is 

dramatic. Increasing the temperature from 800 to 1200 K for C 3 C O C  —» C 3 C  +  

C H 3 O  shifts the falloff curve by 4 orders o f magnitude toward higher pressure. The 

result indicates the dramatic differences between application o f the present approach 

and use o f the assumption that the dissociation is always at the high pressure limit. The 

difference between the actual dissociation rate constant and the high pressure limit 

increases when the temperature is above 1000 K at the atmospheric pressure.

The apparent rate constant o f C 3 C O C  -»  C2C=C + CH3OH reaction is not in 

the high pressure limit regime under temperature range from 873 to 948 K at 1 atm. 

Therefore, a fitting process is required to get the apparent rate constants and the input 

high pressure limit parameters for the conditions of interested. The results of this 

optimization are shown below:

C 3 C O C  - >  C 2 C C  +  C H 3 O H  kapp= 1.55x 10 15 T '0-287 exp(-601 8 6 /RT)

k„ = 2 .2 x l0 14 exp(-60,000 /  RT).

Note that the apparent rate constants are fitted between temperatures of 873 

and 973 K at atmospheric pressure.

7.1.3 Comparison of Modeling and Experimental Results

A comparison of modeling results and experimental data is displayed in Figure B.112 

for validation. Good agreement between the model and experimental results is shown 

for the pyrolysis o f MTBE in different temperatures.
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7.2 Oxidation of MTBE

7.2.1 Kinetic Modeling

The MTBE dissociation reaction is the initial reaction in the MTBE pyrolysis and also 

in this oxidation reaction system and discussed in detail in previous section. Initial 

abstraction reactions o f MTBE are mainly by radical species: H, O, OH, H 02, CH30. 

and C3C.

C3COC + H c3coc- + h 2

—> c3coc + h 2

C3COC + 0 — C3COC- + OH

-> C3-COC + OH

C3COC + OH -» c3coc- + h2o

-> c3-coc + h2o

c3coc + ho2-> c3coc- + h2o2

—̂ c3coc + h2o2

The elementary reaction rate parameters for abstraction reactions are based 

upon literature survey, thermodynamics and generic A factors with Evans Polanyi plots 

for Ea's.

The thermal decompositions (Beta scissions) o f C3COC-, C3 COC, C3C-, and 

C2COC radicals and abstractions by other radicals are the important reactions for the 

MTBE oxidation system. These radical decomposition rate constants are determined 

from the QRRK calculation as described in the previous section.
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C3 C- C2CC- — C=CC + CH3

\  i

C2C=C + H

C3COC- and C3-COC decomposition reactions are also important in MTBE 

reaction system.

c3coc- «-»■ c3coc -» c2c=c + c h 3o

1 1

C3C + CH20  C=C(C)OC + c h 3

The corresponding radicals o f iso-propyl methyl ether, second radical, are also 

the important species in MTBE oxidation system. The following reactions contribute 

to the formation o f acetone and propene.

c2c=o + c h 3

/

c2c o c  c2coc- -► c2c c- + c h 2o

I \  t  

C2COC + H c2-coc -> c=coc + c h 3

1

c=cc + c h 3o
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C H 3 and C H 30  abstract other species to form C H 4  and C H 3O H  or recombine 

with O, H, and O H .  C H 3  also reacts with O 2  to C H 3 O O  and C H 2 O O H .  Higher 

temperatures or oxygen rich conditions accelerate radical generation reactions and the 

formation o f C O  and C 0 2 .

7.2.2 QRRK Analysis

A QRRK analysis o f the chemically activated system, using generic estimates or 

literature values for high pressure rate constants and species thermodynamic properties 

for the enthalpies o f reaction, yields thermodynamically and kinetically plausible 

apparent rate constants. The input rate parameters used in these calculations and 

results from the calculation are summarized in Appendix C.

Unimolecular Dissociation o f C 3O

The potential energy diagram and input parameters are shown in Appendix C.

C3C- — C2O C  + H AH™ = 97 kcal/mol

<-**-> C2CC- — C=CC + CH3

AHrxn=97kcal/mol

There are two channels for C3C- decomposition breaking the C--H bond to 

form iso-butene and intramolecular isomerization (H atom shift) through a 3 member 

cyclic intermediate, to C2C=C- Reaction (1) is about ten times faster than reaction (2) 

for pressures above 1 .0  atm, and more than ten times faster for pressures below 1.0 

atm. That is due to high energy barrier and tight transition state (low A factor) to 

isomerization, although reaction (2 ) goes to a lower final energy level.
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Unimolecular Dissociation of C y C O C

The potential energy diagram and input parameters are shown in Appendix C.

C 3  C O C  — C 3 C O C -  AH™ = 97 kcaymol

— C = C ( C ) O C  +  C H 3 AHrxn = 97 kcal/mol

— C3C=C + C H 3 O  AH™ = 97 kcal/mol

The rate constants o f these reactions are below their high pressure limit at 

atmospheric pressure and 1000 K. Reaction (3) o f C 3 C O C  dissociation to C = C ( C ) O C  

(iso-butene) and C H 3  is the dominant channel. Reaction (1) which undergoes a 

intramolecular isomerization, 5 member cyclic intermediate, to C 3 C O C ,  is about ten 

times slower than reaction (3) due to the high energy barrier, although it goes to a 

lower final energy level. Reaction (2) is also limited by a lower A factor than Reaction 

(3) even though it is slightly more thermodynamically favorable.

Unimolecular Dissociation of C3COC

The potential energy diagram and input parameters are shown in Appendis C.

C3COC- C3C- + CH20  AH™ = 97 kcal/mol

— — > C 3 C O C  AH™ = 97 kcal/mol

The rate constants of these reactions are below their high pressure limit at 

atmospheric pressure and 1000 K. Channel (1) is dominant. Channel (2) which 

undergoes a intramolecular isomerization, 5 member cyclic intermediate, to C3 COC, 

does not occur due to the high energy barrier.
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Unimolecular Dissociation of C2C-OC

The potential energy diagram and input parameters are shown in Appendix C. 

C2CO C — ^  C2C =0 + CH3 AH™ = 97 kcal/mol

— C=C( C) OC + H AH™ = 97 kcal/mol 

— ^  C2COC- AH™ = 97 kcal/mol

C2 COC AH™ = 97 kcal/mol

The rate constants o f these reactions are below their high pressure limit at 

atmospheric pressure and 1000 K. Reaction (1) is dominant. Reaction (2), (3), and (4) 

are not important due to the higher energy barriers.

Unimolecular Dissociation of C2COO

The potential energy diagram and input parameters are shown in Appendix C.

C2COC- — C2COC

— C2C- + CH20

— C 2 C O C  

The rate constants o f these reactions are below their high pressure limit at 

atmospheric pressure and 1000 K. Reaction (2) is dominant. Reaction (1) and (3) 

which undergo the intramolecular isomerizations, 4 and 5 member cyclic intermediate 

respectively, to C 2C - O C  and C r C O C ,  do not occur to a significant degree due to the 

high energy barriers, although they go to a lower final energy levels.

Unimolecular Dissociation of C2 COC

The potential energy diagram and input parameters are shown in Appendix C.
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C 2 C O C  — C 2C O C -  - *  C 2 C  + C H 2 O

AH™, - 97 kcal/mol

C = C O C  +  C H 3 A H ™ ,  = 97 kcal/mol

C = C ( C ) O C  + H AH™, = 97 kcal/mol

C = C C  +  C H 3 O  AH™, = 97 kcal/mol

k .

* - »  C 2C O C  AH™, = 97 kcal/mol

The rate constants of these reactions are below their high pressure limit at 

atmospheric pressure and 1000 K. The rate constants for all channels are close to their 

high pressure limit when the pressure reaches 10 atm. Reaction (1) and (2) are 

dominant.

7.2.3 Mechanism Validation

A detailed reaction kinetic mechanism which is listed in Table A.4, was developed to 

describe the MTBE oxidation reaction system of reactions studied based on methanol 

oxidation reaction system studied in previous chapters. Elementary reaction rate 

parameters for abstraction reactions are based upon evaluated literature comparision, 

thermodynamics, Transition State Theory determination of Arrhenius A factor and 

energies o f activation when literature data was not available. QRRK calculation, as 

described in previous section, were used to estimate apparent rate parameters for 

dissociation and combination reactions reported for a temperature range o f 300 to 2500 

K and at pressure of 0.001 to 50 atm for N2 as bath gas.
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Model predictions and experimental data o f Norton et al. are shown in Fig 

B.113 which shows reasonable agreement between calculated and experimental results 

for MTBE decay and methanol formation. An offset of 10 msec has been taken for the 

model result to compensate the reagent injection and mixing issues with their 

experimental setup. Model result o f Iso-butene formation is consistent with 

experimental dat in the initial stage, but over predicted for propagation which is 

probably due to the complexity of C4 oxidation. Even the mechanism of 448 reactions 

is not complete enough for the iso-butene oxidation. For the decomposition order of 

C4 —> C3 —> C2 -> C l, C3 and C2 are therefore under predicted.



CHAPTER 8

CONCLUSIONS

This study presents experimental data on the decomposition o f methanol in several 

different reaction environments - fuel lean to stoichiometric at a temperature range of 

873 and 1073 K and a pressure range o f 1 and 5 atm. Methane fuel is also added in 

several o f the systems studied in order to provide experimental data to understand the 

methanol addition effect on the methane oxidation.

Computer codes: ThermCal, ThermSrt and ThermCvt have been developed for 

the thermal property calculations o f stable molecules by the Benson group additivity 

method and o f radicals by the NJIT hydrogen bond increment method.

Pressure dependent rate coefficients have been expressed using Chebyshev 

polynomials adopted for complex chemical activated reaction systems in this study, as 

well as unimolecular decomposition reactions. This method has also been tested and 

shows significant improvement over two convention methods, Troe’s and SRI. The 

Levenberg-Marauardt algorithm has been incorporated with the QRRK code, 

CHEMACT, for the fitting o f Chebyshev polynomials.

A pressure dependent mechanism which consists 147 species and 448 

elementary reactions, based on thermochemical kinetic principals has been developed 

and calibrated by the experimental data. The reaction mechanisms (models) include 

pathways for formation o f higher molecular weight products, such as the formation of 

methyl ethers. This accurate model based on principles of thermochemical kinetics and
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statistical mechanics will not only provide fundamental understanding, but can be used 

to suggest directions toward process optimization for experimental testing.

The CHEMKIN interpreter has been modified in this study to take the flexible 

matrix size o f Chebyshev polynomials and to generate the appropriate link file for 

further processing. Subroutines involving kinetic rate coefficient calculation and array 

size initialization are also modified to incorporate the Chebyshev polynomials 

expression. Existing CHEMKIN drivers can simply link with the modified CHEMKIN 

library to take temperature and pressure dependent Chebyshev polynomials without 

modification. A couple o f drivers have been linked with the new CHEMKIN library 

and tested. These include a shock tube driver, a constant temperature and pressure 

driver, and an adiabatic constant pressure driver.

The mechanism is validated with methanol oxidation and pyrolysis experimental 

data and serves as a basis to build upon during the subsequent efforts on higher 

molecular weight oxygenated hydrocarbon (MTBE in this study). The methanol 

addition shows dramatic acceleration effect on the methane oxidation experimentally 

and predicted by the model.



APPENDIX A

TABLES

Table A .l Average Retention Times and Relative Response Factors for Column A, 6 ’ x 
1/8” Feet Stainless Steel Column Packed with 50% 80/100 Poropak T and 50% 80/100 
Poropak Q

Compounds Rentention Time 
(min)

Relative Responce 
Factor (RRF)

CO 0.9 0.976

c h 4 1.3 1 . 0 0 0

co2 3.2 0.899

c h 2= c h 2 4.3 1.759

CH3CH3 5.5 1.981

CH=CH 6 .8 0.811

c h 2o 10 .6 1.114

c h 2= c h c h 3 1 1 . 2 2.744

c h 3c h 2c h 3 11.5 2.960

CH=CCH3 12 .8 1.070

CH3OCH3 13.0 1 . 6 6 8

CH3OH 14.4 1.088

c h 3c h = o 14.9 —

c h 2= c h c h 2c h 3 15.6 3.458

c h 3c h 2c h 2c h 3 15.9 3.963

CH2=CHCH2CH2CH3 20.7 4.390

c h 3c h 2c h 2c h 2c h 3 2 1 . 2 4.901

c h 3o c h 2o c h 3 2 2 . 1 2.492

c h 2= c h c h 2c h 2c h 2c h 3 32.9 5.541

c h 3c h 2c h 2c h 2c h 2c h 3 33.8 5.748
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Table A.2 Average Retention Times and Relative Response Factors for Column B, 90 m 
x 0.53 mm Hewlett Packard Fused Silica Capillary Column

Compounds Rentention Time Relative Responce
________________________________________ (min)______________ Factor (RRF)

c h 4 3.50 1 . 0 0 0

c h 2= c h 2 3.58 1.618

c h 2= c h 2 3.58 1.735

CH3CH3 3.62 1.861

CH20 3.8 < 0 . 01

c h 2= c h c h 3 3.9 2.655

c h 3c h 2c h 3 4.1 2.835

CH3 0 CH3 4.2 1.067

c h 3o h 4.5 0.729

CH2=CHCH2CH3 4.6 3.437

c h 3c h 2c h 2c h 3 4.7 3.842

c h 3c h = o 4.7 —

CH2=CHCH2CH2CH3 6.3 4.414

c h 3c h 2c h 2c h 2c h 3 6.4 4.726

c h 3o c h 2o c h 3 7.2 1.626

CH20  Trimer 8.1 —

CH2=CHCH2CH2CH2CH3 8.9 5.507

c h 3c h 2c h 2c h 2c h 2c h 3 9.1 5.551
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01  r o  n j  cd r  co
rH CN CN CN CN CN

v  v  cn N ro co
0 0  CD I- ro ©  i n

ro ro ID ID VD ID
CN CN CN CN CN CN

© tt O  O  ©  ©
( O N* N* N* i n  H

I D O'  V  ^  O '
CN rH CN CN CN CN

r o  i n  o  o  o  i n
N* H  CN N* CN i n

a >  r -  v d  r** *d  p *
CN CN CN CN CN CN

*H r l  ro «D H  ID
h  *h  cd r o  i n  O'

r» p. id id i n  o>
CN CN CN CN CN CN

©  ©  H* ©  ©
cn n  p  p  v  i d

©  r~ r *  r * r * cn
CN CN cn CN CN CN

H  l O r  CN CN cn
(O VD i n  N* CN o-

ID P» CD CD t -  O'
CN CN CN CN CN CN

f f i v r o p i n c N c o c N p o
C N t n m o O C N O v C N O D ^ r C N

i / l r l C D ' T C ' j O O ' ^ r l D ' D
o i p p c o c o a i i D p p c D

rOrCNCNCNCDN*lDCO
o v i n c N C N c o r - c o c o c n

p m m r O H H H H O '
CDCDlDDOOCDCDOOr**

V P P O ' D O ' C D C N ' T C M
C M H H O ' i O O N O ' i n O '

V i n m O ' P O ' ' D C N C D C N
' D P P p m t D C D C D C O C D

C M f O O ^ D P ' D ' T p r O
h  p  r  r i  ( o  t o  c o  o  r -

CD P r  7  CM H CD O ID 
GDCOCDCDCDOOCDO'GO

i n r o c N i o ^ c M i n p i n p
Cf'pO'CDOCDHinO'rO

© © © © C N V C N C N © ©
C O C D C D P C D C D C ' D ' C D C D

© © p - © 0 © 0 ©
i n c N i o i O T - o o p r o

r U D O l v ^ O O C M  
ID i n  r l  CO 7  CD H

I H  H  f H *H

O iH 7 iH C J ' 0 ' 0 0
H \ D P P P P i n H

C N r i r O O l C N C N O ' C D
H i n m N 7 7 0 ' ( j \

I

i n o r o o o o i n m
p m p c D t o n p r o

O  7  H  O'  CN CN CM I 
©  ©  CO r l  CN CN ©

I I

( D ' T ' V ' T ' T ' T O O
P P r O p f O O ' H H

H 7 ( O l O m C D 7 7  
O'  O'  r l  O '  r l  r l  rH 

r l  t H r l  r l

© o © p* 7  7  in 7
O H P C D P C D O C D

r o « D 0 7 C N O ' » D O '
C ' C D H c s i M i n o i n

I I r l

O H r o i n c r © ( D i n
CN 7  P  ro 1M O  m 7

p in ro ri p  p m o
i n c M H 7 p p i n n

U U U *  • •  + u  u  x  x  u  u*  * ^  o  o  x  u u u u *  • o  o  * ♦> . J i O O t J U I «  + U* U OfJ * u uJ X U U » 4 Z Z U U U U U © X f 4  * U J Uu  u o  u in
U U J U X     . . . .  _  . . _
a t  a t  U  • VD * U O  * > m U W ( J U U » + * X O O U 3  * U  * U  

O U U < U U m i n 2 ' D U » i : > > U i  U U U © © Z X © © U U  .  _  _  _  _  
N - U U E - U Z X X U 1 U  ‘ H J J U U U U U U X W X U U U U U U U U U  
u * * o : * H i o c D . T > < j a : p p *  +  » * * > < c d x > * i« > ' * * * » * * »  
U U U O U ^ J U U O . U U O t ' i H U U U U U U U a f U U U U U

u u  • ♦ * u • u +u • u 
U U U  
U U U

u U  • U  X  n  CNu * u u o x x u u u
♦  U  U  + • O  O  ♦ • •. + ♦ u  u  j  j  u
U U U  • X  u  u  u
U U U U U ' D I D U

u
_ . X •u  + u o  u
+ U + a  r- u
U U U X X *
U U U ro ID u
♦ U U rl U U

• u  u u  * + u + • u  uu u • u 
U U U *
u u u u
u u u uU U X U U U

a t a t a t a t « a t a t > H > H > - i a i -  • * * > > . *  > + *  +
u u u u u u u u u u u u u u u u u u u u u



89

n n m i n ^ r i O w

O 0 U O I D U O O

o o o o o o o o

o o o o o o o o

o o o o o o o o

i n i o i n m i c m ' c ' D

O O O O O O O O
o o o o o o o o

i n i n i O ' Di T i ' c v o m

O O O O O O O O
o o o o o o o o

O V D i O V O O b O l D l O

O O O O O O O O
O O O O O O O O

i n i o i / ) i o i f i v c i a

O O O O O O O O
O O O O O O O O

OOOOOOOOOOCMCMCMCMCMCMCMCMCMCMCMCNCMCMCMCNCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCNOOCM

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O  O

O O O H r t H H H H H H H r l H H H r l H H W H H H H r l r l i ^ H H H H H H H r l  rH H H H H H H H H H N { N J N  
H H  H H  H  H r l  r l  H  r l r l H H r t H r l H H  rH H H H H H H H r l  H  rH H r l  H *H r—I r H  H  r l r l H H r l r l r t H H r l H H

i i s K i s s a a i s s s a a a i a a s i a a i i s a s i i s i i i E s i i i s i i i i s i i i x

l O I O I O U I I D I D I D I f i l f i l O l D l f i l l l O I D I O I O I C I D I D I C I O I D K I I i l l O l D K I I O I O I O I C U X O I O I D l O I P I C I O I O l O l O I O I D I O l O l O

u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u

u u u u u u u u u u u y u u u u u u u u u u y y u u y u u u u u y u u u u y y y y u y u y u u u
E E £ E E £ E E E E £ E E E E E G 6 E E E E E E E E E E E E E E £ £ £ E E I s f c : t e £ E f c : E E £ E E

j z j z j z j z j z x : j z j z s : j z ^ : s : j z j z j z j z x : x : j z j z j z j z j z x : x : j z ^ j z j z j z x : x : ^ : j c x : x : j z £ : j z x : s : j z x : j z j z .c x : j i

m m i n i n i n i n i n i n i n m i n i n i o i n i n i n i n i n i n m i n i n i n i n
0 I O I O I O \ O ^ O l ( 7 I O I O I ( T l ( 7 l O \ 9 l O l ( T l O I O I O l O I ( T i ( T l O l O I ( n
V . ' s ' V s S V . ' S S . S S X ' S S S N N ' s N S S . ' v N . ' s N
CMCMCMCMCMCMCMCMCMCMCMCMCMCNCNCMCMCMCMCMCMCMCMCM
H H r l H r l H H H H H r l H r l H H r l H r l H H H H H H
N S . V S ' S S . S . ' s S . S . N . ' v S ' s S . V S ' s . ’v N . N . N S N .
O O O O O O O O O O O O O O O O O O O O O O O O
H  r H H  *-H r—I rH r H rH H  r H rH rH r H r H rH r H rH rH r H rH rH H  rH rH

c o m ^ T L n o c r t r ' O r H ' x i o o o o o o o o o o o o o o  
m c n r o c n r > ^ r ^ r r r ) r H r ' O O O o o o o o o o o o o o  

^ ^ ■ ’• r r - c r i C D c r . c D c n r '
r - p - r » r * p * r ' * r ,* r *r ' ' r »

i n i n m i n i n i n m i n i n i n i n i n i n i n i n i n i n i n i n i n i n i n i n i n
0 l f f ) O l 9 l I 7 I C n i 7 I O l O l O I O I 9 l 9 l 0 I O I O I O l 9 l ( D C l ( 7 I O \ c n O ^
' V V N . N . S ' S S S . N . N . S N V . V . S . S S S N . ' V N . N . V . N
c m c m c m c m c m c m c m c m c m c m c m c m c m c m c m c m c m c m c m c m c m c m c m c m
rH r H rH rH rH rH r H rH r H r H r H rH rH rH rH rH rH rH rH rH rH rH H  rH 
' S S V . N . S V . V . N S . N V S W . X S N V . N V V ' v S N  
O O O O O O O O O O O O O O O O O O O O O O O O
r H rH rH rH rH r H rH rH r H r H rH rH r H rH rH rH rH rH r H rH rH rH rH rH

O O O O O O O O O O O O O O O O O O O O O i D V O O
O O O O O O O O O O O O O O O O O O O O O r H d O

n  cm 
00 00

I D C I O O H H O N N H
l O H ' c c s j i n f f ' t r i i n H o o

T r i n * T p - © r * © r - © i o
I I I ID' C' Dl Oi OIDID' f l l O

H P i n T r a > p . ( n ^ H
^Ol Cl l £ l CDvCDI CG\

CDfflCDO'OlfftO'CTllO
r - r ~ r - r - r « r ' ‘ r - r - r ' *

v t ' j ' r i ’ i ' j t N j f n i i i c o v
r - T r r - ^ T r H O i n o o ^ r

CDVDcor-aocoocncnch
r - © r ' r - r - r ' © r * r * r - *

•c-in^cncncDrNJOsiCT^
i ^ c M r H f n f n m c g c s i c n

(DO\(D(^(T>(7iCnO\(^
r * r ' r * r * r * r “ r ' r * r “

i ^ i ' h r n a i M i ' j i n i o c D
V V n O O N M I f M n

m m c D O i o o ' O ' H H n
r - r - r - r - r - r - r - r - ' r ' C O

' TVDooi n i n^r c r \ r >*coco 
o i o c D m n t n r *  v o o

c o m r ' O H O r H O O O l
i n m m o o o v o v D O i T )

r - w f O h i n H i n i o
a ) CDCDvr ' ( s i f r) v ( s j

OHHCSJCNJCvlCNCMOl
r - r ~ r > * r - r - r - r ‘ r - v o

( * i a i l f | f f I M O ( D C O C D ' T
c \ i c \ i c \ i c \ i c D - a - c \ J r - r ' C O

H C D H O O O n H H H
p ' r - r - r ' - r - p ' r - r - r - r -

M o m H H f f ' i n t n N
r o<Hi f ) HHO\ c n i j >i n

h h o n n h h h n
p * r - p * r ' p * c - p * p * r *

m i o i o a j c o n n o i n c i i
CNjO'^r-r*CT><T»rH^£)uo

W O O r H r H r H r H T n m
r ^ p r ^ p - r ^ r - r - v o i D p

c g N O f f n o o o N o m
r H O t n i o i n n o H O

O I O C D O H H N H H O

r *r * f s iD*j, v f f ' i OQ)
o r - r * r * C s > O r H r * r *

r H H H r g f O N N C M O l
l £ > l £ > l £ > « £ > U> VDl Dl Di n

i n i O t n a o p - r H o o o o o o n
m o i / i ' T v i n w o o i D

r H P ' r H O r H O ( r) C M C M r H

H O U l * T V h N N N
N N i D n n r ^ N C M v

rHCMOCMCMrHCNCMCM
I C I O I C U J I O I O I O I O I O

r p o o a o a o o H C s i a o r s j ' X )
V 0 r H r H O O C N < N O ' » T r H

( S l r H r H C N t N J C N C V J f O n i O
l O V O I C V O l O V D l O U i m i D

N ' r c D T i D n H D H c n
O l i n W V ' T l O N O O l C D

m ' T f ’i v i f i i n i o i f i ' T f o
v v v ^ r ' T ' r ' T V ' i T V

o i w r o o o o i n i o
© m r o i n o m p i n m  

v i n m i D M o i n i o n  
i n  m  m  m  m  m  m  i n  i n

n c D f O r H O v r H t n m m
aor-cDCDO(OrHcr>CT\rH

T r O - c r t n m H ' t ' ^ i i l i n
i o i o i n i n i n i D i / ) i n i O i o

C T l O O r H l D i n o g C S J C M C D
p - c n * r O O C M O O ©

- u i n v i o i D i n ' o i o m  
m  m  m  i n  m  m  m  i n m

O ^ T i A i n M M ^ r C i i r
i n r ' r ' O ' O ' O O i n c ’) ^

l O’T ' T i n i f i i c v D h  vi>© 
mi n i / i i n i / i i Oi O' T ' Ti / ' )

cMp“ Oi £>p*cncnai cocM
n v o i n i D H V D a > H r * ( N

r - r - ' i r - D o a s c D i ^ p '
f o n m c o n n r o n f o r o

^ i n m w o n h O M N
r HOOOt NP - ^ OOCS }

p » p > p * ® q i © p ® vo

^ r © * r < n © o © c n m v o
c g mP Hr - r - r - u v f o r Or H

P N r ' P P I O C D I I i C D P

H ( D H O v C \ r ' ' T ' T l r)
c NH VO OO OO s i c g ©

p * ® © © © p * ® © p
^T^J, - rT<r^r ,«T^T»T'T

M J i O ' i ^ n T ' r a i n c D
p ^ m n n M t N O i i o i T i

® p ~ r - ® © © © o >  c».  c n
V V V ^ T ' T ,7 ' r l r l l T) V

c m  c n  co p* n o o i T )  
© v r - o o o o r - m

< n c n ® o o o o o
N N t N f i m n n n

CDC v j a s ^ f Oi o v o i
r - ©c r > i n i n c M©i D

© m p - © © © ® ©
M w n n n n n n

v  i d  w  n  m  m  p  o  
c m c n © ^ t p v ^ c m

CD O l  p  ©  O' )  ©  ©  ©
r o f n m c n v r o c n r o

m i D v ’TOi a i i Hi f )
p H t r v r O i N O f O

p * © o > © p * © © p *
m c n m r o m t n m r o

( n n H I O I D I O O l N
m i o i D o o a i D O

© ® p * © © p * © c n
p i f n m m m m n r n

C N v v r v O v C P M r l
O ^ r ^ r O O i n m o

( J I O K J i O ' O ' H H O
(Ti i T) ( ri ( 0 (r) n r O ' r

m p a j a i v r i D U D n o i n
r n n n © v D © © o © o

i nvoovi oa i i nCT' i np ' VD
© © © c n © © © © © ©

( V I W N C D O O O v r  
C T V r H r H r H C S i r *  CN PH ©

V D H r l O O O l O N H  
O H r H H r l d O r H H  
rH rH rH rH rH rH rH rH rH

HOHIDHMOIOIOlD
© i n © r H i n c N © © © r n

r - r H r ~ isOcD©r - *cn©*y 
OCMOrHrHOOOOO 
rH HrHrHHHHHHH

c n i n m n f O ^ T ^ ^ c M
• ^ © C D C N C N P - C N C N V O

M N C D m n ^ O O v  
rH rH O  rH rH o  rH rH O 
H r l H r H H H H H H

OdvCTvkDO^r ^ r i Dr HO
h O O C D a j t N M ^ r i D r '

o m n c n o i o o t v j r H V D  
rH rH rH O  O  rH rH Ol (T> O 
r l  H  H  H  H  H  r l  rH

v i OCDOf Of OOl f l l
I ' l V H l ’ i l f l O H O

o n o i o m c n n i D

Ol v r l DH HI D I OI D
iD*Q*uT)©®«irinfO

O C O C M C N I C M i O i O f O  
CM n  r H  r H  r H  CM CM

v I O H H O iHI OH
N v U D O O O C D i n

M  l O  CM CM CM l O
1 r H  r O  r H r H

® © C M C M ® r * C M r H
n n v i T H O i n c M

i i o o in © cm i
CM CM l  r H

© © r H © © r H C O O
i c i o o i n i n c o f O H

C M C M i n O O C M P O ^ r  
r H  r H  I CM CM I c m CM

O CN CM © © P  rH rr 
H V C l f l i n O O M f l

• < r O O O O O \ r \ j f n  
CM CM CM CM CM I rH PI 

I I

UU U • U U U • U U U U U • U U U U U U • U U * U U U U U U U U U U Uu u u u u  • u • u u  u u * u u u u u u u u u  ‘ U u y y y y  • u u u u u u u • u u u u u u u uu u + u u u u u u  • u * u u y y y u u u u  • u u • S & o o y y u u u u u  - u y u u o c v u  • u u u* u u  * u u u u  • u • y y y a a & y u u u u u u o ' u u u  • a  a  + * u * ♦ u u a  • u  u u ♦ u u u uu + u  u - u u y u u a a o a u u  • o» * * ♦ u u u u u u  • u u u u y ♦ y • * ♦ u u ♦ u • • * u  u  5u u u u u u *  u u u u u u u u  - u u u u  • ♦ * + u ♦ + u u u u  • a y o ' u u u  • * • * u u u u u u♦ O O O U O O  + * * U U U U *  U U U U  * U U UU *  U • ♦ * * + 0»U0< • O' O' O' U U U • * o' a  u ♦ uu * ♦ ♦ ♦ + • u u u * + + + . + ♦+ • y y y y y u - u u u u u u  * u u u u u + u u u u u u * u *  U U U U U U O U U U U U U U U U U U O ' & O ' O ' O ' O ' U U U U U U U U U U U U U U U O ' O ' U U U U U U U



90

VD VD VD r H r H r H o n t o r o n r n T m m m m in m o © m VD © r - 0 0 CD CO r - cn p* r - CO CD o O © r H O r H H r H r H

1 3 o 1 3 o o o o o 1 3 a 1 3 ( 3 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

O O © © o o o o o o o o o o © © © o o © O © o o © © o © o © © O ©© O © O © O O O

N N N O O O O O O O O O O O O O O O O O O O H N N N O O O H N N O O O O O O O h O

o o o  o o o o  o o o
.Ju

C N C N C N r - © © o s o i o c N C N C N © © © n r n r r H C N n r r - p * r - r - p * r ‘ © © c D © © © r - © o s a i o o o s 0 ' O  
H  H  H  r l H H H r l r l H H H H H H H H H H H H H H H H H H  H  H  H

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

© © © r* r- r- p- r* r* p* r- fH p* r- r- r- p* co © © © © © © © © © © © © © © © © © © © © CN CN CN
*H •"* rH

u o u 0 0 0 U 0 U 0 u CJ U u u U U 0 0 0 CJ 0 0 0 0 0 0 0 0 0 0 U 0 0 0 0 0 0 0 0

rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH «H rH rH
to to to rO to to to (0 <0 to to to to to <0 to (0 to to to to <0 10 to to (0 to 10 to to to to to (0 to to <0 to to to 10
u u u u u u u u u u u U u U U CJ CJ 0 0 0 y 0 0 0 0 0 0 y 0 y 0 y y 0 0 y 0 0 0 0 0
e E E E E E E E E E E E £ £ E E E E E E E E E E E E E E E E £ E E E E E E E E E E
jz JZ JZ JZ JZ JZ JZ JZ JZ JZ JZ JZ JZ JZ JZ JZ JZ JZ JZ JZ JZ JZ JZ JZ X JZ JZ JZ JZ JZ JZ JZ .c JZ JZ j : JZ JZ JZ JZ
H H H E-« E- E- H E-< £-* H Eh Eh Eh H Eh E- Eh Eh £h Eh Eh Eh Eh H Eh £h Eh Eh Eh Eh Eh Eh Eh Eh Eh Eh Eh H Eh £h Eh

i n i n i n i n i n i n i n i n i n i n u i i n i n i o i n u i i n i n i n i o i n i n i n i n i n i n i n i n i n t n m i r n n i n i n i n i n i n i f i i n i n

S . S . V S . - S W N W S . N . V S S N . V . S . V N ' v V V . ' v S . N . V N . ' S ’S N . V . S s S . N . V . S . N N N . ’V
C V J C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N C N

S . N . S ' V N s N . S . S . S . S . N . V N ’S ' S N . ' v V N N . V . ' S S S S ' V ' s N . N N N ' V N . N ' s S S S S N S .
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o

OOOtHHNO'^'Ov'OO'inOlOOOJ^CDOOOOOOOOOOOOlfl'OvO'in^HDOO
O O O C D N l N N t n r i O f f l ' O t O H i n f O H M n m O O O O O O O O O O O O t f V O l v r ' N H O v

© c n c n © © 0 © © © c n c n © p * © c n p * c n  ©  ©  v o  ©  t -n ©  n r  c n
y ? r - . r , r . r . Co c D c o © o s a s o s a s o s a s o s o  p -  c d  c o  c \  o  o  o

© O S  ©  ©  ©  ©
CD OS t H  O  CN CN

r H CSJ r o  O  CN CSJ
CD CO CD VO v o  vo

' T M ^ O C D O i n ^
n r O O S © © C D C N ©

r ~ ' ( ' - O lX| c o v o o c n
v D v o r - r - r - r ' C c r -

CD OS C\  03 CD o  o
c o  o s  f O  V  h  n

O  ©  ©  ©  n r  OS CN
GO OD CD 0 0  CD CD O

O  i f )  i t  i f l  I D  ^
n T O  r H O  O '  t H

CN XT CN r H  CN VD
O  O  r H  r H  r H  O
r H r H  r H  r H  r H  r H

nr  o  r -  r ~ o  os  os
,-h o  o  o  r -  o  r -

v d  i n  o s  co v d  c n  cn
O  O  O  r H  r H  VD P-
r H  r H r H r H  r H

»h  m  r - t  v£> c n  r -  O
id ro ro in  cn o
VO VD O  O  «*h  CD VD
j** c o  o o  c n  o s  o s  o s

© CN p» r - m © CN © n T © n r © r H CN CN p* fH n r CN O O p- o © © © © CN © © © © © © © r* r - CN CN
© r H CN CN © © CO © r H O r H © © n r n r r H © CN r H CN © © © © © o © © CN r H © r H © © r H © o © r H r - ©

t o i n © n r © © r H O n r © © © CN r H CN © © CN © O CN CN © r H © CN © © © n r © CN © © © CN r H © © ©
P> r* r - © © © © © © © © © r~ r* r - p» r - f H r * © © © © o

r H
© o

r H
© © © © O

r H
o © © © p» r ~ © CD © ©

p* o CN n r © © r ~ © p* © © « T r H © © fn © © © © © © © CN © © p* © r H CN n r O © © r H o © © n r
© © r - O nx n r © © n r © n r © © © o © r H © © O © © fH o © n r © © n r © © © © p CN o r H © © O ' ©

© n r © © © © CN © © © © o © r H © © O CN © © © © p n r r- o O O' CN © © CN nr © p o © o © to
© © © n r n r n r © © © © © © © © © © © © © © r- r- r- © © © © © r ~ © © © © © © © © © fH p p

r H  c n  VD r H  0 3  0 0
O' cd o s  ©  ©  ©

v o  r* p* o  o  o
IT) ©  ©  n r  n r  n r

V O O O C N V D O V D O O C n
© p - p - c d p - c d c d v d

a ) r * o s H H H ( O N
v v ^ m i n i n i n i / )

r H  O '  r o  r H  r H  n r  *-H
r -  r -  i n  o  r o n r  c n

O  i n  n  o o  v r  o  O '
i n  m  m  m  i n  i d  i d

r H  p -  ^  P »  O '  CN
CN CD CN r o  r H r H

OS OS P* ©  03  t H
v d  vd  p * r -  p -  t -

CN 0 0  <N CN O  GO CD
r H p *  r r  OS r H  r H  n r

r l  O '  ( O  CD O  VO h
v o  p -  r  o  v  v

CN O  CN n r  i n  CD 0 D
0 0  I D h  n r  n r  O  r o

O  OS CN rH CN CD TT
i n  ©  i n  v D s D  VD VD

© n r © © © © r r © © CN © CN © r H CN n r r - © © n r n r © O © © O © © n r © n r © O O © p* r - © © n r
o © r* r H r H © r H © © © © © © r H © © © © © © © n r © © © © © CN © © o O © © © CN r- © r- ©

© © © t o © © r H CN © © © © n r © © © © •T r H r- © © n r © © © © © © © © H © CN o r H © CN
n T n r to © © r r r r n r n r n r n r n r n r n r n r © © © © © © © © © © © © © © © n r n r © © © ©

p- CD o rH © © O © © © © © o p* © r - © © © CN r H r H © nr © © © © vd tH r H o o © CN © © o © © ©
© r* n r © O O r H © CN © © © © © © O © © r* O r H r H nr r - © © © © © CN © © © rH © O o s nr © © O

© © © © © © © CN © nr © nr © © © P» P - CN CN r H © © r - «H r H CN © © © © CN © © OS © © o © © CN ©
© © © CN CN CN © © © © © © © © © © © © © nr nr nr ny © © © nr nr nr nr © © CN CN © © © © © n r ©

C N © © © r H . H C N n r © n r C N C N C D r H V P p . , H C D C N P * O O C D V O © C N © O O O P * © r H © C O C O C N C N C N V O O S
r - O ^ V D O D O O r ' r H t O O S H f O C N t O O C D O ' V D V D C D C N C N V O C D ' q - O ' V O V D C N C D i n O ' C O r - i n f O r H i n H V D a S

r H C D o o i n v D v o o H O s v o v D o o i n v D o o H O i n v n i n r H H i n v o i n ^ i n i n H r H r H v c N C N - g - r H r o a s o o t o t o  
r H O O r - r * r * O s O S C D O S O S O s O O O s O O S a 3 0 0 0 0 0 r H r H C N C N O S O ' O r H C N r H C D O D C D i n C D C D O s O O S  
H  H  H  r H  r H r H  r l  H  H  r l  H  r |  H  r H  r H r H r H r H

OS CO r H r H r H r H r- r - P - © © © O © © © CN © CN © ©
n r n r © P - CO CD CD © P» P* CN P - r H n r © os © © OS CN ©

© © © c o H r H O © r H r H © t H n r r H © n r CN r H OS © n r
©

J
©

J
©

1
n r r H r H O ' © © r H r H t H © © t H r H

J
CN

1
© t H )

cn 0 * u . U 0 t
0 0 0 > O ♦ 0 0 0 0 0 u z u 0
0 0 0 0 * © 0 O ' os t H 0 0 0 0 0 0 0 * cu © H> ©
0 o 0 © X © X X X 0 0 0 0 0 0 0 0 CJ CJ 0 0
0 u ♦ X 0 X p* p* p* CN M CN 0 0 0 J H X X • 0
+ 0 0 © © © 0 0 0 0 0 0 0 0 0 0 0 >H CN 0
0 + Of 0 X 0 z z z 0 0 0 0 0 0 0 0 0 U 0 •
0 0 0 >H © H M H + > + * * © ♦ ♦ M ©
O i 0 0 0 0 0 r J J J 0 0 0 0 0 0 0 0 0 0 a 0

O © © © © © O © O © © © CN OS © © © CN CN
© n r © CN n r © © r H © © n r © © © © © © © Os

n r © © © p* © © n r O O ' © t H O ' © © n r t H © © CN1 n r1 n r1©1 ©1©
l

©1©
J

OS1 r ~
I

©1 P* © © r H © © © Tr

© CD © © > > ♦
0 H 0 0 © 0 © ►J r> © z J

© 0 O I Q 0 0 0 0 • a © r H L I >-•
0 o © 0 o © © M 0 n n CJ Cx] t i i t H C J o X z
u 0 0 0 o 0 0 0 0 0 Q z z Z © Z r H CL LI
0 0 0 0 0 0 0 0 o hi LU < X g X X M X

0 0 0 0 0 0 0 0 0 a a a r- D r~ CL CD CL
© CN © CN © © © © CN CN © z z z 0 Z 0 X r J H0 0 0 0 0 0 0 0 0 0 0 M M w 0 HH 0 CL 0 CD



Table A.4 Detailed Mechanism for Methanol and MTBE Oxidation
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A R N2 OH 0 H
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CH HCO HCOH C
COC. COCOC. COCOH COCO. C.OCOH
CQ.H20H C0.H20H CH20H00 CQH20. C . QOH
C2H5 C2H C2H3 CC.
HCQ*0 HOC.HOO.T HC02H O.HC.OOHT HOCHO.O
HCCO C.COH CCO. CC02 CC03
CC.OH CH300 CCOO CH300H C* COOH
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E N D

R E A C T I O N S
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oo
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H 0 2  +  H < = >  O H  +  O H 1 . 6 9 E + 1 4 0 . 0 8 7 4  . i 92 B A U L C H
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C H  +  0 < = >  H +  C O 5 . 7 0 E + 1 3 .  000 0 .

C H  +  0 2 < = >  C O  +  O H 3 . 3 1 E + 1 3 0 . 0 0 . t 90 B A U L C H

C H  +  0 2 < = >  H C O  +  0 3 . 3 1 E + 1 3 0 . 0 0 . ! 9 2 B A U L C H
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C H  +  H  < = >  C  +  H 2 1 . 1 0 E + 1 4 . 0 0 0 0 .
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C H E B / 5 . 2 8 7 8 E - 0 1  2 . 2 4 3 4 E - 0 1  -- 4 . 9 5 9 1 E - 0 1 - 1 . 0 5 3 2 E - 0 2 2 . 3 4  6 8 E - 0 2 /

C H E B / - 1 . 1 5 3 2 E - 0 1  - 4 . 2 0 9 2 E - 0 2  ■- 2 . 0 3 6 4 E - 0 2 - 8 . 3 4  4 7 E - 0 3 - 1 . 1 9 3 5 E - 0 2 /

C H E B / - 9 . 6 4 3 3 E - 0 3  4 . 5 2 7  6 E - 0 3 2 . 2 B 0 7 E - 0 3 - 4 . 5 5 7 2 E - 0 5 - 1 . 5 1 8 0 E - 0 3 /

I N G 1 2 1  1 0 / 9 5

I N G 1 2 1  1 0 / 9 5

I N G 1 2 1  1 0 / 9 5

I N G 1 2 1  1 0 / 9 5

I N G 4 3 1  1 0 / 9 5

1 N G 4 3 1  1 0 / 9 5
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O . H C . O O H T  ( + M )  < - >

L O W  /  1 . 0  0 . 0  0 . 0  /  

C H E B /  7  3  6
C H E B /  8 . 1 3 6 2 E - 0 2  5

C H E B /  - 5 . 1 4 3 8 E - 0 3  - 8  
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L O W  /  1 . 0  0 . 0  0 . 0  /
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C H E B /  8 . 3 1 2 8 E - 0 1  2 . 1 8 2 7 E - 0 1  6 . 5 4 8 0 E - 0 2

C H E B /  - 3 . 4 8 5 9 E - 0 2  - 4 . 2 7 9 0 E - 0 2  1 . 5 5 5 5 E - 0 3

C H E B /  - 1 . 8 6 9 6 E - 0 2  - 8 . 3 9 7 2 E - 0 3  - 1 . 4 3 0 2 E - 0 2  

C H E B /  - 2 . 2 6 4 1 E - 0 3  - 3 . 0 6 5 9 E - 0 3 /

C H 3  +  O H  ( + M )  < = >  C H 2 0 H  +  H ( + M )

L O W  /  1 . 0  0 . 0  0 . 0  /
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C H E B /  - 1 . 9 3 5 0 E - 0 2  - 2 . 4 5 7 3 E - 0 2  - 1 . 4 7 7 8 E - 0 2  

C H E B /  - B . 1 0 6 0 E - 0 3  - 6 . 7 7 3 7 E - 0 4  - 1 . 3 6 0 7 E - 0 3  
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C H E B /  - 4 . 0 5 8 4 E - 0 2  - 5 . 2 4 9 8 E - 0 2  - 5 . 0 2 4 1 E - 0 3

C H E B /  - 2 . 3 8 5 4 E - 0 2  - 8 . 0 6 9 2 E - 0 3  - 1 . 4 8 4 1 E - 0 2
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C H E B /  5 . 9 4 4  4 E - 0 1  1 . 8 8 9 4 E - 0 1  - 4 . 8 9 6 2 E - 0 1  1 . 4 6 0 0 E - 0 1  9 . 3 0 7 5 E - 0 2 /

C H E B /  - 2 . 3 1 7 0 E - 0 1  2 . 0 9 7 4 E - 0 2  2 . 6 8 9 4 E - 0 2  - 9 . 2 5 4 6 E - 0 2  - 1 . 0 3 9 4 E - 0 2 /
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C H E B /  - 6 . 3 2 5 4 E - 0 2  - 4 . 6 4 0 8 E - 0 2  8 . 2 1 5 8 E - 0 3  - 3 . 1 5 1 2 E - 0 2  - 3 . 5 7 5 4 E - 0 2 /

C H E B /  - 1 . 5 5 3 7 E - 0 2  - 8 . 4 6 6 3 E - 0 3  - 7 . 9 2 1 5 E - 0 3  - 7 . 4 3 3 8 E - 0 3  - 1 . 0 7 5 6 E - 0 3 /

2 . 0 8 7 6 E - 0 3  - 6 . 9 5 7 0 E - 0 4 /

< ° >  H +  C * C * 0  3 . 0 0 E + 1 3  . 0 0 0

C 2 H 3  +  H  < = >  C 2 H 2  +  H 2  1 . 2 1 E + 1 3  0 . 0

C 2 H 3  +  O H  < = >  H 2 0  +  C 2 H 2  5 . 0 0 E + 1 2  . 0 0 0

C 2 H 3  +  H  ( + M )  < = >  C 2 H 4  ( + M )  6 . 0 8 E + 1 2  . 2 7 0

L O W  /  1 . 4  0 0 E + 3 0  - 3 . 8 6 0  3 3 2 0 . 0 0 /

T R O E /  . 7 8 2 0  2 0 7 . 5 0  2 6 6 3 . 0 0  6 0 9 5 . 0 0  /

H 2 / 2 . 0 0 /  H 2 0 / 6 . 0 0 /  C H 4 / 2 . 0 0 /  C O / 1 . 5 0 /  C 0 2 / 2 . 0 0 /  C 2 H 6 / 3 . 0 0 /  A R /  

C 2 H 3  +  0 2  ( + M )  < = >  C * C O O .  ( + M )  1 . O O E + O O  . 0 0 0

0 .

0.
0 .

2 8 0 .

. 7 0 /

0.

! 9 2  B A U L C H  

! G R I  2 . 0

! I N G 2 7 1  1 0 / 9 5
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L O W  /  1 . 0  0 . 0  0 . 0  /

C H E B /  7  3  1 . 0 5 3 0 E + 0 1  2 . 0 3 6 1 E + 0 0  - 2 . 4 U 0 E - 0 1  - 1 . 5 6 9 5 E + 0 0 /

C H E B /  4 . 8 0 3 6 E - 0 1  2 . 2 5 6 7 E - 0 1  - 6 . 7 8 7 2 E - 0 1  3 . 1 4 2 9 E - 0 2  4 . 1 0 5 5 E - 0 2 /

C H E B /  - 2 . 3 8 6 4 E - 0 1  - 3 . 7 2 7 8 E - 0 2  - 1 . 6 2 3 9 E - 0 2  - 4 . 8 7 9 B E - 0 2  - 2 . 1 8 8 6 E - 0 2 /

C H E B /  - 1 . 5 2 1 7 E - 0 2  1 . 0 7 7 9 E - 0 2  - 3 . 9 6 5 8 E - 0 3  - 4 . 4 6 6 7 E - 0 3  1 . 5 7 6 2 E - 0 2 /

C H E B /  2 . 9 0 1 5 E - 0 3  1 . 2 1 2 3 E - 0 3 /

C 2 H 3  +  0 2  ( + M )  < = >  C 2 H 2  +  H 0 2  ( + M )  1 . O O E + O O  . 0 0 0  0 .  ! I N G 2 7 1  1 0 / 9 5

L O W  /  1 . 0  0 . 0  0 . 0  /

C H E B / 7  3  1 . 0 5 8 6 E + 0 1  - 8 . 0 9 3 2 E - 0 1 - 4 . 2 6 2 1 E - 0 1 7 . 2 1 9 6 E - 0 1 /

C H E B / 9 . 1 4 1 9 E - 0 1  4 . 4  0 5 8 E - 0 1  - 6 . 1 1 0 3 E - 0 2 - 4 . 3 6 9 0 E - 0 2 2 . 3 1 8 2 E - 0 2 /

C H E B / - 8 . 9 6 1 1 E - 0 2  - 8 . 5 0 0 3 E - 0 2  - 4 . 8 2 5 2 E - 0 2 - 2 . 7 5 8 7 E - 0 2 - 1 . 6 4 1 3 E - 0 2 /

C H E B / - 1 . 6 5 4 1 E - 0 2  - 8 . 0 6 1 4 E - 0 4  8 . 7 6 6 9 E - 0 3 3 . 5 5 8 3 E - 0 3 2 . 9 0 0 1 E - 0 3 /

C H E B / 7 . 0 7  4  0 E - 0 3  5 . 0 1 4 2 E - 0 3 /

C 2 H 3  +  0 2 ( + M )  < “ > C H 2 0  +  H C O  ( + M ) 1 . O O E + O O . 0 0 0  0 . ! I N G 2 7 1

L O W  / 1 . 0  0 . 0  0 . 0  /

C H E B / 7  3  1 . 2 1 3 4 E + 0 1  - 4 . 4 2 1 6 E - 0 1 - 2 . 3 0 9 5 E - 0 1 - 1  .  4  6 4  I E - 0 1 /

C H E B / 4 . 8 3 4 4 E - 0 1  2 . 3 1 8 2 E - 0 1  - 2 . 4  6 2 1 E - 0 1 1 . 4 1 8 8 E - 0 2 3 . 1 8 7 7 E - 0 2 /

C H E B / - 1 . 4 1 3 8 E - 0 1  - 4 . 4 1 6 8 E - 0 2  - 2 . 1 9 0 9 E - 0 2 - 5 . 6 1 5 7 E - 0 2 - 2 . 0 4  3 6 E - 0 2 /

C H E B / - 1 . 5 2 7 5 E - 0 2  - 1 . 4 6 8 0 E - 0 2  - 1 . 1 6 3 6 E - 0 3 - 2 . 6 7 7 3 E - 0 3 - 9 . 0 9 2 3 E - 0 4 /

C H E B / 4 . 1 4 5 2 E - 0 3  2 . 3 0 1 8 E - 0 3 /

C 2 H 3  +  0 2 ( + M )  < = > 0 * C C * 0  +  H  ( + M ) 1 . O O E + O O . 0 0 0  0 . ! I N G 2 7 1

L O W  / 1 . 0  0 . 0  0 . 0  /

C H E B / 7  3  1 . 0 8 1 3 E + 0 1  - 4 . 3 7 6 4 E - 0 1 - 2 . 2 8 6 7 E - 0 1 - 2 . 9 8 3 9 E - 0 2 /

C H E B / 4 . 8 3 5 1 E - 0 1  2 . 3 2 5 8 E - 0 1  - 1 . 8 6 5 1 E - 0 1 1 . 0 8 3 6 E - 0 2 3 . 0 0 5 1 E - 0 2 /

C H E B / - 1 . 1 1 6 6 E - 0 1  - 4 . 5 6 3 1 E - 0 2  - 2 . 3 1 0 0 E - 0 2 - 4 . 1 3 8 6 E - 0 2 - 2 . 0 1 4  3 E - 0 2 /

C H E B / - 1 . 5 2 7 1 E - 0 2  - 7 . 7 4 3 1 E - 0 3  - 5 . 4 4 2 6 E - 0 4 - 2 . 2 7 1 4 E - 0 3 2 . 0 2 3 1 E - 0 3 /

C H E B / 4 . 4 2 3 2 E - 0 3  2 . 5 4 1 0 E - 0 3 /

C 2 H 3  +  C H 3 <=> C H 4  +  C 2 H 2 3 . 9 2 E + 1 1 0 . 0  0 . !86 T S A N G

C 2 H 3  +  C H 3 0 0 H  < ~ > C 2 H 4  +  C H 3 0 0 7 . 0 0 E + 1 1 0 . 0  1 0 0 0 . ! C H 3

C 2 H 3  +  C C O O H  < = > C 2 H 4  +  C C O O 7 . 0 0 E + 1 1 0 . 0  1 0 0 0 . ! C H 3

C 2 H 3  +  H 0 2 < = > C . C H O  +  O H 1 . 0 0 E + 1 3 0 . 0  0 . ! J W B

C 2 H 3  +  H 0 2 < = > C 2 H 4  +  0 2 1 . 0 0 E + 1 2 0 . 0  0 . ! J W B

C 2 H 3  +  H 2 0 2  <=> C 2 H 4  + H 0 2 1 . 0 0 E + 1 2 0 . 0  1 . ! J W B  E S T

C C 0 2 < = > C H 3 + C 0 2 4 . 4 0 E + 1 5 0 . 0 0  1 0 5 0 0 .

C C 0 3 < = > C C . * 0  +  0 2 5 . 0 0 E + 1 4 0 . 0  3 7 3 0 0 .

C C 0 3  +  C H 3 0 0  < = > C C 0 2  +  C H 3 0  +  0 2 6 . 0 0 E + 1 0 0 . 0 0  - 8 3 0 .

C C 0 3 H  +  0 2 < = > C C 0 3  +  H 0 2 3 . O O E + 1 2 0 . 0 0  3 9 0 0 0 .

C C 0 3 H  +  C H 3  < = > C H 4  +  C C 0 3 7 . 4 3 E + 1 1 0 . 0 0  5 5 0 0 .

C C 0 3 H  +  H 0 2  < = > H 2 0 2  +  C C 0 3 2 . 4 0 E + 1 2 0 . 0 0  1 0 0 0 0 .

C C 0 3 H  +  C 2 H 5  < = > C 2 H 6  +  C C 0 3 5 . 0 0 E + 1 1 0 . 0 0  6 5 0 0 .

C C 0 3 H  +  H C O  < = > C H 2 0  +  C C 0 3 8 . 0 0 E + 1 1 0 . 0 0  1 0 0 0 0 .

C 2 H 4 < ■ = > C 2 H 2  +  H 2 9 . 3 3 E + 1 3 0 . 0  7 7 2 0 0 . ! N D I S S O C  H

C 2 H 4  +  H  ( + M )  < = > C 2 H 5  ( + M ) 1 . O O E + O O . 0 0 0  0 . ! I N G 3 6 1

L O W  / 1 . 0  0 . 0  0 . 0  /

C H E B / 7  3  1 . 1 6 6 1 E + 0 1  1 . 0 3 5 9 E + 0 0 - 2 . 6 9 1 2 E - 0 1 - 3 . 7 7  5 2 E - 0 1 /

C H E B / 9 . 4  0 2 5 E - 0 1  2 . 0 2 6 6 E - 0 2  - 6 . 8 2 9 9 E - 0 1 3 . 5 1 7 2 E - 0 1 1 . 0 5 8 1 E - 0 1 /

C H E B / - 3 .  4 5 2 7 E - 0 1  8 . 8 3 5 1 E - 0 2  6 .  4 6 2 1 E - 0 2 - 1 . 5 1 0 8 E - 0 1 - 5 . 2 6 8  4 E - 0 3 /

C H E B / 2 . 0 2 2 2 E - 0 2  - 5 . 2 0 5 7 E - 0 2  - 2 . 4 3 3 4 E - 0 2 - 1 . 6 4 9 6 E - 0 3 - 9 . 0 9 7 2 E - 0 3 /

C H E B / - 1 . 8 3 8 0 E - 0 2  -6. 8 1 5 7 E - 0 3 /

H 2 / 2 . 0 0 /  H 2 0 / 6 . 0 0 /  C H 4 / 2 . 0 0 /  C O / 1 . 5 0 /  C 0 2 / 2 . 0 0 /  C 2 H 6 / 3 1 . 0 0 /  A R /  . 7 0 /

C 2 H 4  +  H < = > C 2 H 3  +  H 2 5 . 4 2 E + 1 4 0 . 0  1 4 9 0 4 . ! 9 2  B A U L C H

C 2 H 4  +  C H 3 < = > C 2 H 3  +  C H 4 4 . 1 6 E + 1 2 0 . 0  1 1 1 2 8 . ! 9 2  B A U L C H

C 2 H 4  +  O H < = > C 2 H 3  +  H 2 0 2 . 0 5 E + 1 3 0 . 0  5 9 4 2 . ! 9 2  B A U L C H

C 2 H 4  +  C O A II V C 2 H 3  +  H C O 1 . 5 1 E + 1 4 0 . 0  9 0 5 6 1 . ! 8 6  T S A N G

C 2 H 4  +  0  ( + M )  < = > C . C H 0 +  H  ( + M ) 1 . O O E + O O . 0 0 0  0 . ! I N G 3 0 1

L O W  /  1 . 0  0 . 0  0 . 0  /

C H E B /  7  3  1 . 2 1 2 3 E + 0 1  - 5 . 5 6 2 9 E - 0 3  - 4 . 1 7 3 4 E - 0 3  4 . 7 6 0 6 E - 0 1 /

C H E B /  6 .  4 9 4  9 E - 0 3  4 . 8 6 6 3 E - 0 3  - 3 . 0 0 6 4 E - 0 2  - 1 . 4 5 8 0 E - 0 3  - 1 . 0 8 6 1 E - 0 3 /

C H E B /  - 1 . 8 5 2 6 E - 0 2  - 4 . 7 4 8 4 E - 0 5  - 3 . 8 3 7 9 E - 0 5  - 1 . 0 4 1 1 E - 0 2  6 . 5 0 3 5 E - 0 5 /

C H E B /  4 . 9 2 4 6 E - 0 5  - 5 . 3 0 6 7 E - 0 3  2 . 1 6 7 0 E - 0 5  1 . 6 5 9 2 E - 0 5  - 2 . 4 5 1 4 E - 0 3 /

C H E B /  5 . 4 5 2 6 E - 0 6  4 . 2 5 5 1 E - 0 6 /

C 2 H 4  +  0  ( + M )  < = >  C H 2 0  +  C H 2  ( + M )  1 . O O E + O O  . 0 0 0  0 .  ! I N G 3 0 1  1 0 / 9 5

L O W  /  1 . 0  0 . 0  0 . 0  /

C H E B /  7  3  1 . 0 1 8 5 E + 0 1  - 5 . 4 2 8 8 E - 0 3  - 4 . 0 7 2 6 E - 0 3  1 . 3 2 3 7 E + 0 0 /

C H E B /  6 . 5 3 4 7 E - 0 3  4 . 8 9 6 5 E - 0 3  3 . 4 4 4 2 E - 0 1  - 1 . 5 2 4 8 E - 0 3  - 1 . 1 3 6 5 E - 0 3 /

C H E B /  8 . 4 8 7 9 E - 0 2  - 8 . 7 9 6 6 E - 0 5  - 6 . 8 8 9 3 E - 0 5  4 . 7 0 0 2 E - 0 4  6 . 5 1 4 9 E - 0 5 /

C H E B /  4 . 9 2 0 1 E - 0 5  - 1 . 0 1 7 3 E - 0 2  2 . 7 3 8 1 E - 0 5  2 . 0 7 0 9 E - 0 5  - 4 . 8 2 9 3 E - 0 3 /

C H E B /  6 . 0 7  9 0 E - 0 6  4 . 7 2 8 5 E - 0 6 /

C 2 H 4  +  O  ( + M )  < = >  C C H O  ( + M )  1 . O O E + O O  . 0 0 0  0 .  ! I N G 3 0 1  1 0 / 9 5

L O W  /  1 . 0  0 . 0  0 . 0  /

C H E B /  7  3  7 . 4 0 9 0 E + 0 0  2 . 2 5 3 6 E + 0 0  - 1 . 6 4 1 6 E - 0 1  - 6 . 2 9 5 3 E - 0 1 /

C H E B /  2 . 7 9 7 6 E - 0 1  1 . 8 1 S 2 E - 0 1  - 5 . 8 3 2 2 E - 0 1  - 1 . 3 8 0 0 E - 0 2  - 3 . 4 3 8 3 E - 0 3 /

C H E B /  - 2 . 9 1 2 8 E - 0 1  - 1 . 9 4 1 2 E - 0 2  - 1 . 3 2 7 9 E - 0 2  - 1 . 3 4 3 5 E - 0 1  - 6 . 2 2 8 5 E - 0 3 /
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C H E B /  - 4 . 9 3 8 1 E - 0 3  - 5 .  

C H E B /  9 . 7 6 4  2 E - 0 4  6 ,

C 2 H 4  +  O  ( + M )  < - >

L O W  /  1 . 0  0 . 0  0 . 0  /  

C H E B /  7  3  1 ,

C H E B /  2 . 7  9 9 4 E - 0 1  1 .

C H E B /  2 . 3 4 4  6 E - 0 2  - 2 .  

C H E B /  - 4 . 6 1 6 3 E - 0 3  - B .  

C H E B /  1 . 8 5 1 8 E - 0 3  1 .

C 2 H 4  +  O  ( + M ) < = >

L O W  /  

C H E B /  

C H E B /  

C H E B /

C 2 H 4  +  O H  

L O W  /  

C H E B /  

C H E B /

1 . 0  0 . 0  0 . 0  /
7  3  7

2 . 8 0 7 8 E - 0 1  1

3 . 0 0 8 7 E - 0 2  - 2  

C H E B /  - 4 . 5 5 3 6 E - 0 3  - 8  
C H E B /  1 . 8 7 6 1 E - 0 3  1

( + M )  < = >

1 . 0  0 . 0  0 . 0  /
7  3  1 ,

9 .  9 9 4  5 E - 0 1  1 ,

C H E B /  - 3 . 2 2 0 8 E - 0 1  2 .

C H E B /  

C H E B /  

C 2 H 4  +  O H

- 4 . 5 7 B 5 E - 0 3  - 8  
- 9 . 8 7 5 8 E - 0 3  - 7  

(+M) <=>
L O W  /  1 . 0  0 . 0  0 . 0  /

C H E B /  

C H E B /  

C H E B /  

C H E B /  

C H E B /  

C 2 H 4  +  O H

7  3

8 . 6 3 3 1 E - 0 1  

- 5 .  4 9 7 1 E - 0 2  

- 2 . 7 1 6 6 E - 0 2  

4 . 0 6 7 1 E - 0 3

( + M )

L O W  /  1 . 0  0 . 0

< = >  
0 . 0  /

■ 7 4 9 0 E - 0 2  - 1 . 2 2 6 4 E - 0 4  

. 6 5 8 4 E - 0 4 /

C C . + O  +  H ( + M )

> 0 1 4  9 E + 0 1  - 2 . 3 6 0 5 E - 0 1  

B 2 3 8 E - 0 1  1 . 4  2 7 7 E - 0 1

• 3 3 0 6 E - 0 2  - 1 . 6 2 9 0 E - 0 2  

, 7 1 9 1 E - 0 3  1 . 5 8 0 1 E - 0 3

3 4 4 1 E - 0 3 /

H C O  +  C H 3  ( + M )

4 6 B 9 E + 0 0  - 2 . 3 6 2 7 E - 0 1  

. 8 2 8 4 E - 0 1  1 . 6 2 5 3 E - 0 1

3 6 4  4 E - 0 2  - 1 . 6 5 1 8 E - 0 2  

3 8 5 0 E - 0 3  1 . 7 1 6 8 E - 0 3

3 6 5 7 E - 0 3 /

C . C O H  ( + M )

1 4 0 4 E + 0 1  1 . 2 6 9 7 E + 0 0

0 5 0 5 E - 0 1  - 7 . 7  9 6 0 E - 0 1  

8 5 4  5 E - 0 3  3 . 8 7 9 9 E - 0 2

5 9 0 9 E - 0 3  - 2 . B 2 6 2 E - 0 2  

1 9 8 3 E - 0 3 /

C * C O H  +  H ( + M )

0 6 0 2 E + 0 1  - 8 . 1 9 0 1 E - 0 1  

2 6 6 2 E - 0 1  1 . 5 4 7 8 E - 0 2

3 5 4 6 E - 0 2  - 1 . 2 7 9 1 E - 0 2  

4 0 2 0 E - 0 3  - 1 . 0 1 5 7 E - 0 2  

2 8 7 4 E - 0 4 /

C C O .  ( + M )

C H E B /  

C H E B /  

C H E B /  

C H E B /  

C H E B /  

C 2 H 4  +  O H

7  3  3 ,

6 . 0 8 5 6 E - 0 1  3 ,

- 1 . 4 0 7 5 E - 0 1  - 4 ,  

- 1 . 7  0 9 2 E - 0 2  2 ,  

2 .  4 6 9 9 E - 0 3  8 .

( + M )  < = >

3 3 9 8 E + 0 0  1 . 9 3 8 8 E + 0 0

1 0 3 3 E - 0 1  - 4 . 8 4 8 9 E - 0 1  

6 6 2 6 E - 0 2  - 2 . 2 5 2 0 E - 0 2  

9 4 0 9 E - 0 2  - 4  .  9 8 1 7 E - 0 3  

0 5 2 2 E - 0 4 /

C H 2 0  +  C H 3  ( + M )

L O W  /  1 . 0  0 . 0  0 . 0  /

C H E B /  7  3  6 . 4 8 3 4 E + 0 0  - 5 . 3 5 6 7 E - 0 1

C H E B /  6 .  0 4  5 4  E - 0 1  3 . 1 1 2 4 E - 0 1  - 2 . 0 9 7 3 E - 0 2

C H E B /  - 3 . 6 2 2 5 E - 0 2  - 5 . 3 6 4 0 E - 0 2  - 2 . 8 1 3 8 E - 0 2  

C H E B /  - 1 . 6 8 6 1 E - 0 2  - 4 . 8 8 5 3 E - 0 4  - 1 . 5 5 7 9 E - 0 3  

C H E B /  4 . 2 5 2 0 E - 0 3  2 . 2 3 9 6 E - 0 3 /

- 3 . 4 3 0 B E - 0 4

1 . O O E + O O

- 1 . 5 7 3 5 E - 0 1  

- 2 . 1 8 4  O E - 0 2  

- 6 . 6 4 0 7 E - 0 3  

8 . 7  9 7 5 E - 0 4

1 . O O E + O O

- 1 . 5 7 4 1 E - 0 1  

- 2 . 2 3 2 2 E - 0 2  

- 5 . 1 0 3 3 E - 0 3  

9 . 7 3 7 7 E - 0 4

1 . O O E + O O

- 2 . 6 5 6 1 E - 0 1  

2 . 5 8 5 9 E - 0 1  

- 9 . 8 9 8 4 E - 0 2  

- 1 . 2 2 5 4  E - 0 2

1 . O O E + O O

- 2 . 7 4 1 1 E - 0 1  

6 . 9 2 0 0 E - 0 2  

- 2 . 6 3 3 4 E - 0 2  

- 1 . 1 9 2 7 E - 0 2

1 . O O E + O O

- 3 . 0 6 0 8 E - 0 1  

1 .  8 5 1 7 E - 0 2  

- 2 . 2 9 7 8 E - 0 3  

- 5 . 2 4  2 8 E - 0 3

1 . O O E + O O

- 2 . 9 3 0 2 E - 0 1  

- 5 . 2 4  6 0 E - 0 4  

- 1 . 3 0 5 9 E - 0 2  

- 3 . 1 4 1 7 E - 0 3

- 2 . 2 9 8 7 E - 0 2 /

.000 0 .

1 . 0 6 5 1 E + 0 0 /  

- 8 . 9 6 0 9 E - 0 3 /

- 5 . 5 6 6 9 E - 0 3 /  

- S . 0 5 6 6 E - 0 3 /

! I N G 3 0 1 1 0 / 9 5

. 0 0 0  C

1 , 0 9 1 9 E + 0 0 /  

- 9 . 2 6 0 5 E - 0 3 /  

- 5 . 4 5 6 0 E - 0 3 /  

- 4 . 9 8 8 5 E - 0 3 /

. 0 0 0  0

- 1 . 5 6 9 7 E + 0 0 /

1 . 2 0 3 3 E - 0 1 /  

- 4  . 2 6 4  3 E - 0 2 /

1 . 6 7 7 7 E - 0 2 /

. 0 0 0  0

1 . 2 7  9 7 E  +  0 0 /

9 . 1 9 8  5 E - 0 2 /  

- 4 . 4  5 0 9 E - 0 2 /  

3 . 1 0 0 7 E - 0 3 /

. 0 0 0  0

2 . 0 6 8 6 E + 0 0 /

3 . 3 8 8 6 E - 0 2 /  

- 2 . 4  6 5 7 E - 0 2 /

2 . 1 9 0 8 E - 0 2 /

. 000 0
3 . 5 4  2 1 E  +  0 0 /

2 . 3 4 2 6 E - 0 2 /  

- 2 . 2 7 2  9 E - 0 2 /  

2 . 4 7 2 2 E - 0 3 /

I I N G 3 0 1 1 0 / 9 5

! I N G 3 1 1 1 0 / 9 5

! I N G 3 1 1 1 0 / 9 5

! I N G 3 1 1 1 0 / 9 5

! I N G 3 1 1 1 0 / 9 5

C 2 H 5 + 0 A 11 V C C H O +  H 8 . 0 2 E + 1 3 0 . 0 0 . !86  T S A N G

C 2 H 5 + 0 < = > C H 2 0 +  C H 3 1 . 6 1 E + 1 3 0 . 0 0 . ! 86  T S A N G

C 2 H 5 + H <  =  > H 2  + C 2 H 4 2 . O O E + 1 2 . 0 0 0 . ! G R I  2 . 0
C 2 H 5 + O H < = > C 2 H 4 +  H 2 0 2 . 4 1 E + 1 3 0 . 0 0 . ! 8 6 T S A N G

C 2 H 5 + O H <  =  > C C O H 3 . 7 0 E + 1 3 0 . 0 0 .

C 2 H 5 + H 0 2 A 11 V C C O . +  O H 3 . 0 0 E + 1 3 0 .  00 0 . ! 9 0  B O Z Z E L L I

C 2 H 5 + 02  (  +  M ) < = > C C O O ( + M ) 1 . O O E + O O . 0 0 0 0 . ' I N G 2 6 1  1
L O W  /  1 . 0  0 . 0  0 . 0  /  

C H E B /

C H E B /  

C H E B /  

C H E B /  

C H E B /  

C 2 H 5  +  0 2

7  3  1 .

1  .  0 4  0 2 E  +  0 0  1 .

- 3 . 4  9 7 7 E - 0 1  - 4 .  

- 1 . 6 3 0 9 E - 0 2  2 .

- 3 .  9 8 3 7 E - 0 4  

( + M )
- 2 .

< = >
L O W  /  1 . 0  0 . 0  0 . 0  /

C H E B /  

C H E B /  

C H E B /  

C H E B /  

C H E B /  

C 2 H 5  +  0 2  

L O W  /  

C H E B /  

C H E B /  

C H E B /  

C H E B /  

C H E B /  

C 2 H 5  +  0 2  

L O W  /

7  3

4 . 7 3 8 5 E - 0 2  

- 9 . 1 0 2 9 E - 0 2  

- 1 . 9 5 7 6 E - 0 4  

5 . 4 4  3 6 E - 0 4  

( + M )

0 . 0

8 .
3 .  

4  . 

5 .

4  .

< = >
1 . 0  0 . 0  

7  3

1 . 7 9 7 0 E  +  0 0  

- 2 . 0 3 3 4 E - 0 1  

- 3 . 1 1 8 5 E - 0 2  

7 . 2 4  6 3 E - 0 3  

(+M) <=>
1 . 0  0 . 0  0 . 0  /

/
8 .
3 .

-1 .  

3 .  

1.

0 7  3 5 E + 0 1  1 .  3 7  4  4  E +  0 0

3 5 9 7 E - 0 1  - 1 . 0 0 3 8 E +  0 0  

9 6 7 4  E - 0 2  1 . 2 4  5 4  E - 0 2

5 3 8 4 E - 0 2  - 1 . 9 2 6 0 E - 0 2  

6 2 0 0 E - 0 3 /

C C O .  +  O  ( + M )

6 3 9 5 E - 0 1  - 3 . 5 8 7  4  E - 0 2  

4 4 7 1 E - 0 2  1 . 3 1 7 7 E - 0 1

2 8 4 3 E - 0 3  - 3 . 2 6 5 6 E - 0 3  

4 1 7 0 E - 0 2  1 . 4 2 9 5 E - 0 3

1 4  0 3 E - 0 4 /

C . C O O H  ( + M )

1 5 5 5 E + 0 0  7 . 5 1 0 1 E - 0 1

7 6 8 1 E - 0 1  - 7 . 0 5 7 3 E - 0 1  

3 8 0 5 E - 0 1  - 2 . 3 0 2 5 E - 0 2  
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• 0 2  - 3 . 7 3 3 5 E - 0 2 /  

■ 0 2  1 . 5 2 8 0 E - 0 2 /

. 0 0 0  0 .

■ 0 1  1 .  0 0 6 3 E +  0 1  /

0 1  7 . 6 0 9 1 E - 0 2 /

■ 0 1  3 . 0 3 3 2 E - 0 2 /

0 3  - 1 . 0 9 5 6 E - 0 2 /

. 0 0 0  0 .

0 1  1 . 2 9 7 1 E + 0 1 /

0 1  1 . 1 4  0 0 E - 0 1 /

0 1  - 7 . 9 3 8 5 E - 0 4 /

0 3  3 . 2 1 0 5 E - 0 3 /

. 0 0 0  0 .

0 1  1 . 9 6 2 6 E + 0 1 /

0 1  1 . 0 4 3 1 E - 0 1 /

0 1  1 . 9 2 3 1 E - 0 2 /

0 3  - 2 . 8 6 5 2 E - 0 2 /

. 0 0 0  0 .

0 2  1  .  8 9 5 4  E + 0 1 /

0 1  - 3 . 7 7  5 9 E - 0 2 /

0 1  8 . 9 4  9 0 E - 0 2 /

0 2  - 2 . 8 4 2 4 E - 0 2 /

! I N G 1 5 1

0 .  ! I N G 1 5 1

0 .  ! I N G 3 9 1

! I N G 3 8 1

! I N G 3 8 1

! I N G 3 8 1

! I N G 3 8 1

! I N G 3 8 1

0 . 0
0 . 0

8 0 0 0 .

9 0 0 0 .

1 0 / 9 5

1 0 / 9 5

1 0 / 9 5

1 0 / 9 5

1 0 / 9 5

1 0 / 9 5

1 0 / 9 5

1 0 / 9 5
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C*CC + H <=> C*CC.  + H2 5 . 0 0 E + 1 3 0 . 0 5 0 0 0
c * c c + CH3 <=> C*CC.  + CH4 3 . 8 0 E + 1 1 0 . 0 9 0 0 0
c * c c + C2H5 < - > C*CC.  + C2H6 3 . 8 0 E + 1 1 0 . 0 9 0 0 0
c * c c + H l+M) o - > CC.C l+M) 1 . OOE+OO . 0 0 0 o.

L O W  /  1 . 0  0 . 0  0 . 0  /  

C H E B /  7  3  1

C H E B /  1 . 0 3 9 5 E + 0 0  - 9  

C H E B /  - 3 . 9 8 5 7 E - 0 1  1

C H E B /  4 . 2 9 6 4 E - 0 2  - 4  

C H E B /  - 3 . 6 2 9 9 E - 0 2  - 5  

C * C C  +  C H 3 0  ( + M J  < = >

L O W  /  1 . 0  0 . 0  0 . 0  /  

C H E B /  7  3  4 ,

C H E B /  9 . 3 9 4  6 E - 0 1  2 ,

C H E B /  - 1 . 7 7 2 3 E - 0 1  - 9 ,  

C H E B /  - 3 . 3 0 0 2 E - 0 2  1 .

C H E B /  1 . 4 2 1 1 E - 0 2  7 .

C * C C  +  C H 3 0  ( + M )  < = >

L O W  /  1 . 0  0 . 0  0 . 0  /

C H E B /  7  3  4 .

C H E B /  9 . 1 2 4  6 E - 0 1  2 .

C H E B /  - 1 . 6 6 8 3 E - 0 1  - 9 .  

C H E B /  - 3 . 2 2 2 8 E - 0 2  4 .

C H E B /  1 . 4 0 8 3 E - 0 2  7 .

C * C C  +  C H 3 0  { + M )  < = >

L O W  /  1 . 0  0 . 0  0 . 0  /  

C H E B /  7  3  5 .

C H E B /  1 . 1 7 9 0 E + 0 0  3 .

C H E B /  - 2 . 2 6 0 8 E - 0 1  - 1 .  

C H E B /  - 2 . 5 6 2 6 E - 0 2  - 1 .  

C H E B /  1 . 4 1 9 7 E - 0 2  4 .

C * C C  +  C H 3 0  l + M )  < = >

L O W  /  1 . 0  0 . 0  0 . 0  /  

C H E B /  7  3  1 .

C H E B /  8 . 1 7 0 2 E - 0 1  2 .

C H E B /  - 1 . 1 5 9 3 E - 0 1  - 9 .  

C H E B /  - 2 . 7  6 1 0 E - 0 2  5 .

C H E B /  1 . 3 7 0 7 E - 0 2  8 .

C 2 C * 0  +  C H 3  ( + M )  < = >

L O W  /  1 . 0  0 . 0  0 . 0  /  

C H E B /  7  3  - 2 .

C H E B /  6 . 3 9 5 5 E - 0 2  4 .

C H E B /  - 1 . 5 9 4 5 E - 0 3  - 2 .  

C H E B /  1 . 6 4  9 1 E - 0 3  4  .

C H E B /  - 2 . 5 8 4  I E - 0 4  - 1 .  

C 2 C * 0  +  C H 3  ( + M } < = >

L O W  /  1 . 0  0 . 0  0 . 0  /  

C H E B /  7  3  - 7 .

C H E B /  1 . 2 4 1 4 E + 0 0  1 .

C H E B /  - 1 . 2 0 5 7 E - 0 1  - 1 .  

C H E B /  - 4 . 8 4  9 2 E - 0 2  7 .

C H E B /  2 . 3 9 8 5 E - 0 2  6 .

C C C .  < = >

C C C .  +  C H 3 0  < = >

C C . C  +  C H 3  < = >

C C . C  +  C H 2 0  ( + M )  < = >

L O W  /  1 . 0  0 . 0  0 . 0  /  

C H E B /  7  3  5 .

C H E B /  9 . 7  9 7  5 E - 0 1  2 .

C H E B /  - 6 . 3 4  0 0 E - 0 2  - 1 .  

C H E B /  - 1 . 7 7  6 1 E - 0 2  1 .

C H E B /  8 . 6 0 1 8 E - 0 3  8 .

C C . C  +  C H 2 0  ( + M )  < = >

L O W  /  1 . 0  0 . 0  0 . 0  /  

C H E B /  7  3  5 .

C H E B /  7 . 6 4  6 8 E - 0 1  2 .

C H E B /  7 . 1 2 9 6 E - 0 2  - 6 . 

C H E B /  4 . 8 8 1 9 E - 0 3  1 .

C H E B /  - 2 . 7 4 1 7 E - 0 3  9 .

C C . C  +  C H 2 0  ( + M )  < ■ = >

L O W  /  1 . 0  0 . 0  0 . 0  /  

C H E B /  7  3  - 4  .

C H E B /  1 . 1 7 3 7 E + 0 0  3 .

. 1 7 1 1 E + 0 1  6 . 6 4 9 7 E - 0 1

, 8 9 0 3 E - 0 2  - 7 . 6 5 7 4 E - 0 1  

. 7  9 9 1 E - 0 1  6 . 7 7 1 3 E - 0 2  

. 1 5 1 9 E - 0 2  - 4 . 3 1 2 5 E - 0 2  

. 7 0 0 6 E - 0 3 /

C * C ( C ) O C  +  H ( + M )

, 1 0 7 0 E + 0 0  - 8 . 7 2 7  0 E - 0 1  

. 1 8 1 3 E - 0 1  1 . 8 5 3 2 E - 0 2

, 9 8 3 5 E - 0 2  - 2 . 0 9 2 3 E - 0 2  

, 8 4 7 7 E - 0 3  6 . 1 5 2 7 E - 0 3

2 4 2 2 E - 0 3 /

C + C O C  +  C H 3  ( + M )

7 7  6 0 E + 0 0  - 8 . 3 7 2 9 E - 0 1  

2 7 7 2 E - 0 1  6 . 0 9 3 2 E - 0 2

8 4 5 5 E - 0 2  - 2 . 5 0 8 6 E - 0 2  

1 2 0 0 E - 0 3  6 . 9 8 3 9 E - 0 3

6 5 2 7 E - 0 3 /

C C . C  +  C H 2 0  ( + M )

8 5 3 6 E + 0 0  - 1 . 1 0 2 0 E + 0 0  

2 7 5 8 E - 0 1  - 2 . 8 1 1 1 E - 0 1  

0 9 0 0 E - 0 1  - 1 . 6 3 6 6 E - 0 2  

0 0 8 5 E - 0 2  6 . 5 1 0 1 E - 0 3

3 5 6 9 E - 0 3 /

C 2 C * 0  +  C H 3  ( + M )

2 5 5 9 E + 0 0  - 7 . 2 9 2 4 E - 0 1  

7  9 7 7 E - 0 1  6 . 0 B 8 3 E - 0 2

4 8 3 9 E - 0 2  - 3 . 3 2 5 5 E - 0 2  

2 0 9 4 E - 0 3  1 . 0 7 1 6 E - 0 2

4 1 2 8 E - 0 3 /

C * C ( C ) O C  +  H  ( + M )

8 6 6 1 E + 0 0  - 4 . 5 7 2 5 E - 0 2  

5 8 2 5 E - 0 2  - 9 . 6 1 4 7 E - 0 3  

2 8 1 1 E - 0 3  - 1 . 9 B 9 8 E - 0 3  

6 6 2 7 E - 0 5  6 . 4  7 2  0 E - 0 4

8 8 3 9 E - 0 4 /

C * C O C  +  C H 3  ( + M )

4 0 0 5 E + 0 0  - 1 . 1 4 0 7 E + 0 0  

4  9 5 7 E - 0 1  - 3 . 4  7 4 5 E - 0 2  

5 3 2 8 E - 0 1  - 5 . 4 7 9 4 E - 0 3  

5 2 3 1 E - 0 3  1  . 2 3 4  6 E - 0 3

9 2 7  0 E - 0 3 /

C * C C  +  H  

C * C C  +  C H 3 0 H  

C 3 C

C 2 C * 0  +  C H 3  ( + M )

3 5 4 8 E + 0 0  - 7 . 5 9 0 2 E - 0 1  

4 4 2 0 E - 0 1  - 1 . 8 4 5 8 E - 0 1  

1 9 3 4 E - 0 1  - 5 . 3 6 8 0 E - 0 2  

5 3 6 4 E - 0 2  2 . 6 5 6 1 E - 0 2

5 2 0 5 E - 0 3 /

C * C ( C ) O C  +  H ( + M )

2 4 7 5 E - 0 2  - 5 . 4 4 4 6 E - 0 1  

5 9 9 6 E - 0 1  4 . 6 2 3 2 E - 0 1

0 4  9 5 E - 0 2  - 5 . 1 7 2 5 E - 0 2  

4 7 3 2 E - 0 2  1 . 6 2 6 8 E - 0 2

9 9 7 6 E - 0 4 /

C * C O C  +  C H 3  ( + M )

2 3 0 5 E - 0 2  - 1 . 0 9 1 3 E + 0 0  

2 8 5 2 E - 0 1  - 2 . 8 8 6 8 E - 0 1

- 1 . 0 6 0 9 E - 0 1  
5 . 4 7 8 7 E - 0 1  

- 1 . 6 2 3 1 E - 0 1  
1 . 0 8 3 6 E - 0 2

1 . OOE+OO

- 2 . 7  9 1 4 E - 0 1  
4 . 6 1 8 8 E - 0 2

- 7 . 9 2 5 9 E - 0 1 /  
3 .  0 5 1 8 E - 0 2 /  
4 . 4 1 9 1 E - 0 3 /  
6 . 6 3 6 0 E - 0 3 /

.000
. 5 9 8 8 E + 0 0 /  
, 0 5 7 7 E - 0 1 /

- 6 . 3 2 1 8 E - 0 2  - 4 . 0 9 4 7 E - 0 2 /  
- 6 . 6 7 5 3 E - 0 3  9 . 2 9 1 2 E - 0 3 /

1 . OOE+OO

- 2 . 7  9 0 3 E - 0 1  
3 .  4 2 6 3 E - 0 2

1 . OOE+OO

- 3 . 8 0 0 8 E - 0 1  
4 . 1 9 2 3 E - 0 2  

- 8 .  34 4 8 E - 0 2  
- 8 . 0 5 5 7 E - 0 3

1 . OOE+OO

- 2 . 9 4 8 5 E - 0 1  
1 . 0 4  3 3 E - 0 2  

- 4 . 0 6 3 7 E - 0 2  
- 1  . 034  4 E - 0 3

1 . OOE+OO

- 3 . 2  9 9 1 E - 0 2  
- 1 . 9 1 6 5 E - 0 2  

7 . 9 7  0 6 E - 0 4  
5 . 2 2 7 2 E - 0 4

1 . OOE+OO

. 0 0 0

3 . 4 1 3 4 E + 0 0 /  
8 . 6 3 1 9 E - 0 2 /  

- 4 . 1 8 1 7 E - 0 2 /
7 . 8 7 2 0 E - 0 3 /

. 000
6 . 7 8 6 8 E + 0 0 /  
6 . 2 9 9 6 E - 0 2 /  

- 3 . 1 7 6 3 E - 0 2 /
7 .  4 37 5 E - 0 3 /

. 0 0 0

1 . 1 0 5 2 E + 0 1 /  
- 1 . 3 2 5 5 E - 0 2 /

2 . 2 5 2 5 E - 0 3 /  
- 3 . 4  3 0 3 E - 0 4 /

. 0 0 0  C

- 2 . 3 1 3 1 E - 0 1  1 .  4 862E+ 0 1 /
9 . 4  0 2 6 E - 0 2  1 . 3 4 8 2 E - 0 1 /

- 4 . 0 2 2 4 E - 0 2  - 7 . 8 4 8 2 E - 0 2 /  
- 1 . 9 7 7 7 E - 0 2  1 . 5 0 6 4 E - 0 2 /

1 . 2 0 E + 1 3  0 . 0  3 8 5 0 0 .
5 . 0 0 E + 1 2  0 . 0  0 .
1 . 0 3 E + 1 5  - 0 . 6 4 5  - 8 3 .
1 . OOE+OO . 0 0 0  0 .

- 2 . 2 4  64 E - 0 1  
- 1 . 3 2 6 3 E - 0 1  

1 . 1 5 6 2 E - 0 2  
1 . 0 6 2 8 E - 0 2

1 . OOE+OO

- 2 . 0 5 4  5 E - 0 1  
- 1 . 9 7 7 0 E - 0 1  

2 . 3 4  0 8 E - 0 2  
1 . 3 5 4  3 E - 0 2

1 . OOE+OO

- 3 . 7 7  9 7 E - 0 1  
3 . 5 8 8 2 E - 0 2

2 . 6 5 2 7 E+  0 0 /  
3 . 4 9 8 8 E - 0 2 /  
2 . 3 4 1 8 E - 0 3 /  
3 . 0 8 8 8 E - 0 3 /

. 0 0 0

4 . 9 2 1 1 E + 0 0 /  
- 1 . 9 1 2 1 E - 0 2 /  
2 . 7 8 8 9 E - 0 2 /  
6 . 2 9 3 0 E - 0 3 /

I NG411

0 .  ! 5

. 0 0 0  0 .  ! 5

5 . 0 8 1 3 E + 0 0 /
9 . 8 5 3 6 E - 0 2 /

- 5 . 6 0 6 5 E - 0 2  - 3 . 8 5 0 1 E - 0 2 /
- 5 . 2 3 8 5 E - 0 3  8 . 7 7 7 9 E - 0 3 /

0.

0.

0 .

.000
7 . 9 1 6 3 E + 0 0 /
8 . 3 6 5 7 E - 0 2 /

! 6

0 .  ! 4

0 .  ! 4

1 0 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1  /  9 5
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CHEB/ - 2 . 3 5 2 9 E - 0 1  - 1 . 1 0 7 B E - 0 1  - 1 . 7 2 4 8 E - 0 2  - 8 . 5 4 6 0 E - 0 2  - 3 . 9 3 5 1 E - 0 2 /  
CHEB/ - 2 . 5 1 9 1 E - 0 2  - 2 . 5 3 9 6 E - 0 3  8 . 1 1 5 4 E - 0 3  - 7 . 4 5 6 6 E - 0 3  1 . 4 6 4 0 E - 0 2 /  
CHEB/ 1 . 3 9 3 0 E - 0 2  4 . 5 8 3 6 E - 0 3 /

CCC + H <m> CC. C + H2 1 . 3 0 E + 0 6 2 . 4 0 4 4 7 0
CCC + H <=> CCC. + H2 1 . 3 0 E + 0 6 2 . 5 4 6 7 6 0
CCC + CH3 o > CC.C + CH4 9 .  OOE-02 4 . 0 0 6 2 8 5
CCC + CH3 <*=> CCC. + CH4 2 . 7 0 E - 0 1 4 . 0 0 8 2 8 5
C O C O C  ( + M )  < = >  C O C . O C  +  H  ( + M )  1 . O O E + O O  . 0 0 0  0 .  ! I N G 2 0 1  1 0 / 9 5

L O W  /  1 . 0  0 . 0  0 . 0  /

C H E B /  7  3  - 2 . 3 5 3 3 E + 0 1  4 . 8 1 6 2 E - 0 1  - 7 . 4 3 6 1 E - 0 2  2 . 9 2 4 1 E + 0 1 /

C H E B /  8 . 5 6 3 5 E - 0 1  - 1 . 1 3 0 2 E - 0 1  - 7 . 5 9 2 8 E - 0 1  5 . 9 8 7 7 E - 0 1  - 3 . 6 0 7 4 E - 0 2 /

C H E B /  - 4 . 8 9 8 3 E - 0 1  3 . 1 7 1 4 E - 0 1  2 . 8 5 5 9 E - 0 2  - 2 . 7 5 6 8 E - 0 1  1 . 0 8 2 8 E - 0 1 /

C H E B /  5 . 1 6 8 1 E - 0 2  - 1 . 2 5 3 4 E - 0 1  - 1 . 6 5 0 3 E - 0 3  4 . 0 2 7 0 E - 0 2  - 4 . 1 0 1 0 E - 0 2 /

C H E B /  - 3 . 7 1 9 4 E - 0 2  1 . 7 3 3 6 E - 0 2 /

C O C O C  ( + M )  < = >  C O C O C .  +  H  | + M )  1 . O O E + O O  . 0 0 0  0 .  ! I N G 2 0 1  1 0 / 9 5

L O W  /  1 . 0  0 . 0  0 . 0  /

C H E B /  7  3  - 2 . 4  0 5 3 E + 0 1  5 . 2 1 7 6 E - 0 1  - 8 . 1 8 3 2 E - 0 2  3 . 0 1 7 3 E + 0 1 /

C H E B /  9 . 1 2 8 2 E - 0 1  - 1 . 1 7 5 7 E - 0 1  - 7 . 8 8 5 8 E - 0 1  6 . 1 0 7 5 E - 0 1  - 2 . 5 0 9 5 E - 0 2 /

C H E B /  - 4 . 9 8 6 0 E - 0 1  2 . 9 8 9 2 E - 0 1  4 . 3 9 6 8 E - 0 2  - 2 . 7 1 2 4 E - 0 1  8 . 4 6 1 1 E - 0 2 /

C H E B /  6 . 0 2 9 7 E - 0 2  - 1 . 1 8 0 0 E - 0 1  - 1 . 6 7 3 5 E - 0 2  4  . 0 2 6 9 E - 0 2  - 3 . 5 7 9 1 E - 0 2 /

C H E B /  - 4 . 2 5 9 2 E - 0 2  1 . 3 2 2 6 E - 0 2 /

C 2 . C + C  +  C * C C .  < = >  C 2 C * C  +  C * C * C  2 . 4 0 E + 1 2  0 . 0  0 .

C 2 . C * C  ( + M )  < = >  C * C * C  +  C H 3  ( + M )  1 . O O E + O O  . 0 0 0  0 .  ! 9  1 1 / 9 5

L O W  /  1 . 0  0 . 0  0 . 0  /

C H E B /  7  3  - 9 . 7 0 0 5 E + 0 0  3 . 6 6 6 0 E - 0 1  - 6 . 8 2 4 1 E - 0 2  1 . 7 1 7 8 E + 0 1 /

C H E B /  6 . 6 7 2 6 E - 0 1  - 1 . 1 4 8 2 E - 0 1  - 4 . 6 0 1 6 E - 0 1  4 . 9 9 5 7 E - 0 1  - 6 . 3 1 1 5 E - 0 2 /

C H E B /  - 3 . 0 6 4 7 E - 0 1  2 . 9 9 3 4 E - 0 1  - 9 . 9 9 8 2 E - 0 3  - 1 . 7 4 4 0 E - 0 1  1 . 3 1 6 8 E - 0 1 /

C H E B /  2 . 2 0 4 7 E - 0 2  - 7 . 8 0 6 0 E - 0 2  2 . 7 6 9 5 E - 0 2  2 . 8 5 5 5 E - 0 2  - 2 . 1 9 0 0 E - 0 2 /

C H E B /  - 1 . 6 8 6 4 E - 0 2  1 . 9 2 2 3 E - 0 2 /

C2C*C + CH30 A11V

C 2 . C * C + CH30H 2 . 0 0E + 1 3 0 . 0 8 0 0 0
C2C*C + CH20H <=> C 2 . C*C + CH30H 2 . 0 0 E+11 0 . 0 9 0 0 0
C2C*C <=> C 2. C * C + H 3 . 9 8E + 1 5 0 . 0 8 0 1 6 0
C2C*C + H <t=> C 2 . C * C + H2 1 . 3 0 E + 1 4 0 . 0 5 0 0 0
C2C*C + H (+M) A n V C*CC + CHS (+M) 1 . OOE+OO . 0 0 0

LOW /  1 . 0  0 . 0  0 . 0  /
CHEB/ 7 3 7 . 4 4  8 2 E + 0 0  - 2 . 6 2 2 8 E + 0 0  - 3 . 4 9 5 9 E - 0 1  5 . 0 0 5 4 E  + 0 0 /
CHEB/ 2 . 4 7  4 7 E + 0 0  8 . 9 2 9 9 E - 0 2  7 . 7 5 4 3 E - 0 2  5 . 0 B 7 0 E - 0 1  2 . 5 2 4 4 E - 0 1 /
CHEB/ - 2 . 6 0 4 2 E - 0 1  - 1 . 7 8 3 5 E - 0 1  7 . 4 6 1 6 E - 0 2  - 1 . 2 8 9 0 E - 0 1  - 1 . 9 4 8 6 E - 0 1 /
CHEB/ - 3 .  9 6 4 5 E - 0 2  - 2 . 0 4 9 6 E - 0 2  - 6 . 6 6 0 2 E - 0 2  - 4 . 6 0 4 5 E - 0 2  1 . 8 0 1 5 E - 0 2 /
CHEB/ 1 . 1 2 8 5 E - 0 2  - 1 . 6 6 9 3 E - 0 2 /

C2CC. <=> C+CC + CH3 4 . 0 0 E + 1 3 0 . 0 3 0 2 4 0
C2CC. <=> C2C*C + H 6 . 0 0E+ 1 2 0 . 0 3 3 8 0 0
C2CC. + H <=> C2C+C + H2 1 . 8 1 E + 1 2 0 . 0 0
C2CC. + OH <=> C2C*C + H20 2 . 4 1 E + 1 3 0 . 0 0
C2CC. + H02 <=> C2C*C + H202 3 . 0 1 E + 1 1 0 . 0 0
C2CC. + CH3 <=> C2C*C + CH4 1 . 1 3 E + 1 2 0 . 5 0 0
C2CC. + CH30 <=> C2C*C + CH30H 2 . 4 0 E + 1 2 0 . 5 0 0
C2CC. + CH20H <=> C2C*C + CH30H 2 . 4 0 E + 1 1 0 . 0 0
C3C. ( +M) <=>  C2C*C + H {+M) 1 . OOE+OO . 0 0 0

LOW /  1 . 0  0 . 0  0 . 0  /
CHEB/ 7 3 - 2 . 6 2 8 3 E + 0 0  6 . 2 9 4 9 E - 0 1  - 7 . 7 0 2 2 E - 0 2  1 . 1 0 9 3 E + 0 1 /
CHEB/ 1 . 0 5 5 1 E + 0 0  - 9 . 5 4 7 6 E - 0 2  - 7 . 8 1 0 1 E - 0 1  6 . 1 1 2 4 E - 0 1  7 . 8 1 0 4 E - 0 3 /
CHEB/ - 3 . 9 4 8 1 E - 0 1  2 . 0 9 9 9 E - 0 1  5 . 9 6 8 6 E - 0 2  - 1 . 3 7 5 1 E - 0 1  - 7 . 8 3 0 3 E - 0 3 /
CHEB/ 4 . 7 2 3 6 E - 0 2  - 1 . 3 1 3 4 E - 0 2  - 6 . 6 4 4 2 E - 0 2  1 . 3 4 0 5 E - 0 2  2 . 3 9 6 4 E - 0 2 /
CHEB/ - 4 . 8 B 4 4 E - 0 2  - 7 . 5 4 2 0 E - 0 3 /

C3C.  (+M) <=>  C2CC.  ( +M) 1 . OOE+OO . 0 0 0  0 .  ! 1 1 1 / 9 5
L O W  /  1 . 0  0 . 0  0 . 0  /
CHEB/ 7 3 - 5 . 3 7 5 1 E + 0 0  1 . 5 9 8 4 E + 0 0  - 3 . 0 9 1 0 E - 0 1  1 . 1 2 4 7 E + 0 1 /
CHEB/ 1 . 9 8 5 5 E + 0 0  - 9 . 5 3 4 4 E - 0 2  - 1 . 2 8 5 4 E + 0 0  8 . 0 5 9 9 E - 0 1  1 . 2 2 3 5 E - 0 1 /
CHEB/ - 5 . 4 0 0 2 E - 0 1  1 . 6 6 8 9 E - 0 1  1 . 0 0 3 3 E - 0 1  - 1 . 5 0 7 9 E - 0 1  - 4 . 8 7 4 1 E - 0 2 /
CHEB/ 3 . 1 7 0 4 E - 0 2  - 6 . 1 9 3 0 E - 0 3  - 6 . 1 5 4 2 E - 0 2  - 5 . 0 0 3 3 E - 0 3  1 . 6 7 8 4 E - 0 2 /
CHEB/ - 2 . 0 7  9 5 E - 0 2  - 1 . 0 2 5 7 E - 0 2 /

C3C.  (+M) < “ > C*CC + CH3 (+M) 1 . OOE+OO . 0 0 0  0 .  ! 1 1 1 / 9 5
L O W  /  1 . 0  0 . 0  0 . 0  /
CHEB/ 7 3 - 5 . 5 7 5 6 E + 0 0  - 5 . 1 8 4 3 E - 0 1  - 3 . 1 7 8 3 E - 0 1  1 . 3 4 2 8 E + 0 1 /
CHEB/ 2 . 3 4 9 6 E + 0 0  - 1 . 8 8 1 2 E - 0 2  - 7 . 3 2 1 4 E - 0 1  7 . 7 3 3 6 E - 0 1  1 . 9 3 0 2 E - 0 1 /
CHEB/ - 4 . 6 0 7 2 E - 0 1  2 . 6 1 0 3 E - 0 2  1 . 0 7 5 9 E - 0 1  - 1 . 5 6 3 4 E - 0 1  - 1 . 4 6 3 0 E - 0 1 /
CHEB/ 7 . 2 6 8 5 E - 0 3  1 . 0 1 B 3 E - 0 3  - 9 . 9 6 8 7 E - 0 2  - 2 . 5 4 0 7 E - 0 2  4 . 3 0 3 2 E - 0 2 /
CHEB/ - 2 . 7 5 6 7 E - 0 2  - 1 . 7 4 0 9 E - 0 2 /

C2CC.  (+M) <=> C2C*C + H (+M) 1 . OOE+OO . 0 0 0  0 .  ! 1 1 1 / 9 5
L O W  /  1 . 0  0 . 0  0 . 0  /
CHEB/ 7 3 - 6 . 9 0 0 5 E + 0 0  1 . 2 2 0 8 E + 0 0  4 . 0 7 3 5 E - 0 1  7 . 3 6 1 2 E + 0 0 /
CHEB/ - 1 . 0 8 5 6 E + 0 0  2 . 0 7 5 7 E - 0 2  - 1 . 8 5 2 9 E + 0 0  - 1 . 0 2 7 8 E - 0 1  - 1 . 8 5 8 8 E - 0 1 /
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CHEB/ - 7 . 6 0 6 4 E - 0 1  5.
CHEB/ 5 . 0 1 5 7 E - 0 2  - 1 .  
CHEB/ 8 . 5 9 2 1 E - 0 3  3 .

C2CC.  (+M) <=>
LOW /  1 . 0  0 . 0  0 . 0  /  
CHEB/ 7 3

7 5 6 2 E - 0 2  - 2 . 1 9 8 1 E - 0 2  
2 1 4 1 E - 0 1  3 . 2 3 8 9 E - 0 2
1 3 2 6 E - 0 2 /
C*CC + CH3 (+M)

- 2 . 8 7 2 6 E - 0 1  5 . 6 9 8 8 E - 0 2 /
5 . 2 7 2 9 E - 0 2  - 6 . 5 1 4 6 E - 0 2 /

1 . OOE+OO . 0 0 0 ! 1 1 1 / 9 5

3 - 3 . 2 5 0 7 E - 0 1  3 . 2 1 2 8 E - 0 1
CHEB/ 4 . 4 1 B 9 E - 0 1  - 2 . 0 7 7 1 E - 0 1  - 1 . 7 4 1 9 E + 0 0  
CHEB/ - 8 . 2 0 9 7 E - 0 1  - 2 . 9 6 3 6 E - 0 2  1 . 8 2 0 0 E - 0 2
CHEB/ 2 . 2 5 6 1 E - 0 2  - 1 . 1 3 2 0 E - 0 1  - 4 . 4 4 1 4 E - 0 2  
CHEB/ - 1 . 5 7 6 0 E - 0 2  1 . 1 4 0 0 E - 0 3 /

- 1 . 6 1 3 9 E - 0 1  6 . 8 2 6 5 E + 0 0 /
1 . 3 6 6 9 E - 0 1  - 5 . 0 5 5 4 E - 0 2 /  

- 3 . 1 5 5 7 E - 0 1  - 6 . 4 4 9 8 E - 0 2 /  
1 . 0 4 5 2 E - 0 2  - 4 . 7 9 7 1 E - 0 2 /

C3C. . + H <=> C2C*C + H2 5 . 4 3 E + 1 2 0 . 0 0 .
C3C., + OH <=> C2C*C + H20 7 . 2 3 E + 1 3 0 . 0 0 .
C 3 C ., + H02 <=> C2C*C + H202 9 . 0 3 E + 1 1 0 . 0 0 .
C3C., + CH3 <■=> C2C*C + CH4 3 . 3 9 E + 1 2 0 . 5 0 0 .
C3C. , + CH30 <=> C2C*C + CH30H 7 . 2 0 E + 1 2 0 . 5 0 0 .
C3C., + CH20H <=> C2C*C + CH30H 7 . 2 1 E + 1 1 0 . 0 0 .
C3C., + 0 2 <=> C3COO 4 . 4  6E+07 0 . 0 - 1 5 7 0 0 .
C3C. + 0 2 <■=> C3CO. + 0 9 . 8 4 E + 1 0 0 . 0 2 5 6 0 0 .
C3C. + 0 2 <=> C3.COOH 3 . 6 9 E + 0 3 0 . 0 - 1 2 7 0 0 .
C3C. + 0 2 <=> C2C*C + H02 1 . 7 7 E + 0 9 0 . 0 - 4 5 2 0 .
C3C.. + CH20 (+M) <=> C3COC. (+M) 1 . OOE+OO . 0 0 0

LOW /  1 . 0  0 . 0

oo

CHEB/ 7 3 6 . 3 7 2 5 E + 0 0  1 . 1 2 2 5 E + 0 0 - 1 . 1 6 0 8 E - 01 1 . 5 4  4 2 E - 0 1 /
CHEB/ 1 . 3 7 0 8 E + 0 0  9 . 0 9 6 6 E - 0 3  - 8 . 5 1 8 7 E - 0 1
CHEB/ - 1 . 2 6 5 0 E - 0 1  - 1 . 6 2 0 1 E - 0 1  3 . 2 7 0 8 E - 0 2
CHEB/ - 3 . 0 4 5 0 E - 0 2  3 . 8 1 1 1 E - 0 2  - 1 . 1 7 1 0 E - 0 2  - 2 . 3 1 2 2 E - 0 2
CHEB/ 2 . 8 5 2 2 E - 0 2  - 4 . 7 8 5 7 E - 0 4 /

C3C.  + CH20 (+M) <=> C 3 . C 0 C  (+M) 1 . OOE+OO
LOW /  1 . 0  0 . 0  0 . 0  /

0 .  ! 3

2 . 6 1 8 7 E - 0 1  1 . 1 8 6 3 E - 0 1 /
7 . 3 8 2 3 E - 0 2  - 1 . 2 3 3 2 E - 0 1 /

• 1 .  9 6 5 6 E - 0 2 /

. 0 0 0  0 .  ! 3

1 1 / 9 5

1 1 / 9 5

CHEB/ 7 3 2 .
CHEB/ 2 . 4 1 0 3 E + 0 0  9 .
CHEB/ - 5 . 4  4 3 1 E - 0 1  - 1 .
CHEB/ - 1 . 1 5 9 8 E - 0 2  1 .
CHEB/ 9 . 4  5 1 6 E - 0 3  - 2 .

C3C.  + CH20 (+M) <=>
LOW /  1 . 0  0 . 0  0 . 0  /
CHEB/ 7 3 1 .
CHEB/ 2 . 0 1 1 3 E + 0 0  3 .
CHEB/ - 2 . 9 9 8 0 E - 0 1  - 2 .
CHEB/ - 4 . 9 9 5 2 E - 0 2  4 .
CHEB/ 3 .  2 1 B 5 E- 0 2  1 .

C3C.  + CH20 (+M| <=>
LOW /  1 . 0  0 . 0  0 . 0  /
CHEB/ 7 3 2 .
CHEB/ 1 . 9 3 1 4 E + 0 0  3 .
CHEB/ - 2 . 7 6 1 2 E - 0 1  - 2 .
CHEB/ - 4 . 9 9 1 4 E - 0 2  4 .
CHEB/ 3 . 1 2 9 5 E - 0 2  1 .

C3C.  + CH30 (+M) <=>
LOW /  1 . 0  0 . 0  0 . 0  /
CHEB/ 7 3 9 .
CHEB/ 1 . 1 5 9 7 E + 0 0  - 7 .
CHEB/ - 4 . 5 0 2 9 E - 0 1  2 .
CHEB/ 6 . 2 1 9 7 E - 0 2  - 1 .
CHEB/ - 8 . 1 4  9 6 E - 0 2  - 1 .

C3C.  + CH30 (+M) <=>
LOW /  1 . 0  0 . 0  0 . 0  /
CHEB/ 7 3 6 .
CHEB/ 1 . 2 7 2 7 E + 0 0  - 6 .
CHEB/ - 3 . 7 8 1 2 E - 0 1  8 .
CHEB/ 4 . 6 8 6 9 E - 0 2  - 5 .
CHEB/ - 4 . 8 1 6 9 E - 0 2  - 3 .

C3C.  + CH30 ( +M) <=>
LOW /  1 . 0  0 . 0  0 . 0  /
CHEB/ 7 3 7 .
CHEB/ 1 . 2 7 8 0 E + 0 0  - 6 .
CHEB/ - 3 . 7 2 3 3 E - 0 1  7 .

CHEB/ 4 . 5 4 1 3 E - 0 2  - 5 .
CHEB/ - 4 . 5 8 2 9 E - 0 2  - 3 .

C3C.  + CH30 ( +M) <=>
LOW /  1 . 0  0 . 0  0 . 0  /
CHEB/ 7 3 1 . 2 7 5 9 E + 0 0  - 1 . 5 9 3 4 E + 0 0
CHEB/ 1 . 3 5 7 7 E + 0 0  - 5 . 4 2 6 5 E - 0 2  1 . 8 3 6 B E - 0 1

9 3 3 2 E + 0 0  - 1 . 4 2 0 2 E - 0 1  

4 2 7  4 E - 0 2  - 1 . 2 2 8 4 E + 0 0  

1 2 5 9 E - 0 1  3 . 5 0 1 4 E - 0 2

7 2 9 6 E - 0 2  - 1 . 8 5 5 7 E - 0 2  

6 5 7 6 E - 0 3 /

C 2 C * C  +  C H 3 0  ( + M )

7 8 3 6 E + 0 0  - 1 . 7 6 9 1 E + 0 0  

1 0 8 6 E - 0 1  - 6 . 0 6 6 3 E - 0 1  

5 8 6 2 E - 0 1  - 3 . 5 6 1 7 E - 0 2  

8 4 7 3 E - 0 2  2 . 9 6 5 2 E - 0 2

0 9 2 9 E - 0 2 /

C * C ( C ) O C  +  C H 3  ( + M )

6 0 5 7 E - 0 1  - 1 . 6 8 0 4 E + 0 0  

3 3 6 6 E - 0 1  - 5 . 8 1 4 5 E - 0 1  

5 3 9 9 E - 0 1  - 4 . 3 7 0 4 E - 0 2  

4  5 8 6 E - 0 2  3 . 2 8 5 6 E - 0 2

2 4  2 5 E - 0 2 /

C 2 C * C  +  C H 3 0 H  ( + M )

0 B 4 3 E + 0 0  - 1 . 8 1 9 0 E + 0 0  

4  9 7 1 E - 0 2  7 . 4  6 9 0 E - 0 2

0 9 7 9 E - 0 1  7 . 3 0 0 6 E - 0 2

1 7  9 0 E - 0 1  - 1 . 3 3 2 4 E - 0 1  

9 0 7 1 E - 0 2 /

C 3 C O .  +  C H 3  ( + M )

4 9 3 9 E + 0 0  - 1 . 7 1 8 4 E + 0 0  

8 0 7  6 E - 0 2  3 . 0 4 3 6 E - 0 1

5 9 4  0 E - 0 2  9 . 4 1 6 2 E - 0 2  

9 1 3 2 E - 0 2  - 1 . 3 9 6 1 E - 0 1  

7 2 0 6 E - 0 2 /

C 2 C . O C  +  C H 3  ( + M )

- 2 . 7 9 3 2 E - 0 1  2 . 4  3 8 3 E + 0 0 /
4 . 6 9 7  9 E - 0 1  1 . 7  0 9 0 E - 0 1 /  

- 1 . 0 1 5 7 E - 0 1  - 1 . 0 4 7 1 E - 0 1 /  
- 7 . 7 0 0 0 E - 0 3  1 . 1 6 8 3 E - 0 2 /

1 . OOE+OO .000 0 . 1 1 / 9 5

- 3 . 7 3 3 5 E - 0 1  7 .  04 54 E + 0 0 /  
3 . 6 9 7 5 E - 0 2  1 . 3 9 8 7 E - 0 1 /

- 1 . 3 8 4 4 E - 0 2  - 7 . 9 9 9 9 E - 0 2 /  
- 8 . 7 1 9 0 E - 0 3  2 . 4  0 5 6 E - 0 2 /

1 . OOE+OO .000 0. 1 1 / 9 5

- 3 . 8 3 5 8 E - 0 1  7 . 424  9E+ 0 0 /  
1 . 3 8 5 7 E - 0 2  1 . 3 1 7 7 E - 0 1 /

- 1 . 1 9 1 3 E - 0 2  - 7 . 1 0 2 4 E - 0 2 /  
- 5 . 6 0 9 5 E - 0 3  2 . 0 9 3 8 E - 0 2 /

1 . OOE+OO . 000 0. ! 0 1 1 / 9 5

- 6 . 0 2 5 8 E - 0 2  2 . 4 0 4 5 E + 0 0 /
6 . 8 4 5 4 E - 0 1  1 . 6 5 0 6 E - 0 2 /

- 3 . 1 5 2 1 E - 0 1  - 6 . 8 7  9 0 E - 0 2 /  
1 . 5 B 6 0 E - 0 2  - 8 . 3 3 4 8 E - 0 3 /

3 4 5 9 E + 0 0  - 1 . 7 1 2 8 E + 0 0  
7 7 1 2 E - 0 2  3 . 0 3 5 1 E - 0 1
8 7 7 5 E - 0 2  9 . 5 0 3 4 E - 0 2
6 8 0 0 E - 0 2  - 1 . 3 B 4 2 E - 0 1  
7 7 2 8 E - 0 2 /
C3.COC + H (+M)

1 . OOE+OO

- 6 . 8 0 8 1 E - 0 2  
6 . 3 6 1 6 E - 0 1  

- 2 . 2 4  5 8 E - 0 1  
- 1 . 5 7 6 1 E - 0 2

1 . OOE+OO

- 6 . 8 7  9 8 E - 0 2  
6 . 3 1 7 5 E - 0 1  

- 2 . 1 9 8 9 E - 0 1  
- 1 . 7 5 9 9 E - 0 2

1 . OOE+OO

- 9 . 1 8 0 6 E - 0 2  
5 . 1 2 0 7 E - 0 1

. 0 0 0

5 .  094  7E+ 0 0 /  
5 . 0 9 5 7 E - 0 2 /  

- 1 . 5 1 4  3 E - 0 1 /  
1 . 2 5 5 1 E - 0 2 /

. 0 0 0

5 . 2 6 9 6 E +  0 0 /  
5 . 3 1 4 7 E - 0 2 /  

- 1 . 5 4 5 7 E - 0 1 /  
1 . 2 9 6 2 E - 0 2 /

.000
8 . 7  9 1 7E+ 0 0 /  
1 . 0 3 7 7 E - 0 1 /

0. ! 0 1 1 / 9 5

0. ! 0 1 1 / 9 5

0. 1 1 / 9 5
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CHEB/ - 2 . 5 2 7 3 E - 0 1  - 4  
CHEB/ 6 . 0 4 2 8 E - 0 3  - 2  
CHEB/ - 6 . 1 3 4 3 E - 0 3  - 3  

C3C.  + CH30 (+M) <=>

. 9 2 7 6 E - 0 2  9 . 9 5 7 7 E - 0 2

. 9 0 1 5 E - 0 2  - 9 . 7 1 6 3 E - 0 2  
• 4 9 4 7 E - 0 2 /

C3COC. + H (+M)
LOW /  1 . 0  0 . 0  0 . 0  
CHEB/ 7 3
CHEB/ 1 . 3 2 9 3 E + 0 0  
CHEB/ - 3 . 0 3 1 7 E - 0 1  
CHEB/ 2 . 5 2 3 B E - 0 2  
CHEB/ - 2 . 1 1 2 6 E - 0 2  

C2COC.  (+M)

/
1. 

-6. 
2. 

- 3 .  
- 3 .  

<=>
LOW /  1 . 0  0 . 0  0 . 0  /  
CHEB/ 7 3 5 .
CHEB/ 1 . 1 1 3 8 E + 0 0  1 .
CHEB/ - 6 . 3 3 3 5 E - 0 2  - 1 .  
CHEB/ - 3 . 1 7  4 0 E - 0 2  4 .
CHEB/ 1 . 7 5 9 3 E - 0 2  5 .

8 4 2 0 E + 0 0  - 1  
2 2 0 4 E - 0 2  2
0 5 1 1 E - 0 3  1
7 8 6 7 E - 0 2  - 1  
9 0 7 0 E - 0 2 /
CC.C + CH20 (+M)

6 4 7 8 E + 0 0
4 5 7 6 E - 0 1
0 1 0 6 E - 0 1
1 7 8 5 E - 0 1

C2COC. (+M)
LOW /  1 . 0  0 . 0  0 . 0  /
CHEB/
CHEB/
CHEB/
CHEB/
CHEB/

7 3
1 . 2 9 9 5 E + 0 0  

- 9 . 7 8 1 0 E - 0 2  
- 2 . 0 8 7 1 E - 0 2  
- 1 . 2 4  7 2 E - 0 2

C2COC. (+M)

2 
9 

-6 
3 
1 

<=>
LOW /  1 . 0  0 . 0  0 . 0  /
CHEB/
CHEB/
CHEB/
CHEB/
CHEB/

7 3 3,
1 . 3 1 9 0 E+ 0 0  1,

- 1 . 0 7  0 7 E - 0 1  - 1 ,  
- 1 . 7 4  3 8 E - 0 2  6,

1 . 7 4 2 3 E - 0 3
C2COC. (+M)

L O W  /  

CHEB/  
CHEB/  
CHEB/  
CHEB/ -  
CHEB/  

C2COC. (+M) 
L O W  /  

CHEB/  
CHEB/  
CHEB/  
CHEB/  
CHEB/

1 . 0  0 . 0  0 . 0  /

1 . 1 6 7 1 E + 0 0
0 7 5 1 E - 0 1  - 1  
8 8 7  0 E - 0 2  1
07 0 1 E - 0 2  8

<=>
1 . 0  0 . 0  0 . 0  /

7 3 8 .
1 . 8 4 2 2 E + 0 0  1 .

- 3 . 5 9 6 1 E - 0 1  4 .
1 . 0 6 0 4 E - 0 2  - 2 .  
6 . 6 9 4 7 E - 0 3  3 .

C2COC. (+M) <=>
LOW /  1 . 0  0 . 0  0 . 0  /
CHEB/  
CHEB/  
CHEB/  
CHEB/  
CHEB/  

C2COC. (+M) 
L O W  /  

CHEB/  
CHEB/  
CHEB/  
CHEB/  
CHEB/

3 - 3 .
1 7 0 8 E + 0 0  3 .
5 8 9 2 E - 0 1  - 9 .  
9 6 3 0 E - 0 2  - 2 .  
5 2 2 3 E - 0 2  3 .

<=>
/
- 4 .

3 .

1 . 0  0 . 0  0 . 0  
7 3
1 . 1 7 1 2 E + 0 0  

- 1  . 5 8 4  5 E - 0 1  - 9 .  
- 1 . 9 5 5 6 E - 0 2  - 2 .  

1 . 5 3 1 4 E - 0 2
C2C.OC (+M)

LOW /  
CHEB/  
CHEB/  
CHEB/  
CHEB/  
CHEB/

1 . 0  0 . 0  0 . 0  /
7 3 6 .
8 .  4 5 5 9 E - 0 1  2 .
4 . 2 8 1 0 E - 0 2  - 1 .  

- 1 . 9 4  5 8 E - 0 2  8 .
1 . 0 5 3 0 E - 0 2

C2C.OC (+M)

3 0 6 9 E + 0 0  1 . 4  9 7 1E + 0 0
6 1 0 1 E - 0 1  - 7 . 7 2 2 6 E - 0 1  
4 0 0 2 E - 0 1  - 2 . 1 9 2 9 E - 0 2  
1 5 2 8 E - 0 2  9 . 0 6 6 9 E - 0 3
9 3 1 5 E - 0 3 /

<=> C2C.OC (+M)

. 5 2 9 B E - 0 1  3 . 6 2 1 1 E + 0 0

. 9 3 9 9 E - 0 2  - 1 . 0 6 5 0 E + 0 0  
, 2 7 7 8 E - 0 2  - 2 . 6 7 4 2 E - 0 2  
, 5 5 7 3 E - 0 2  - 3 . 6 8 1 0 E - 0 2  
, 2 4 2 9 E - 0 2 /
C2C*0 + CH3 (+M)

. 6 4 2 3 E + 0 0  1 . 1 9 5 6 E+ 0 0
, 04 0 7 E - 0 1  - 8 . 9 5 3 7 E - 0 1  
, 1 1 6 9 E - 0 1  - 2 . 7 1 5 5 E - 0 2  
7 3 2 6 E - 0 2  - 2 . B 2 3 2 E - 0 2  

1 . 1 4 6 5 E - 0 2 /
<=> C*C(C)OC + H (+M)

- 2 . 4 0 8 0 E + 0 0  1 . 5 9 7 4 E + 0 0
1 . 6 2 2 8 E - 0 1  7 . 4 1 4  8 E - 0 2

6 0 5 2 E - 0 1  - 4 . 1 8 1 2 E - 0 2  
1 9 6 2 E - 0 2  3 . 9 4 4 8 E - 0 2
1 0 0 9 E - 0 3 /
C2.COC (+M)

2 0 2 6 E - 0 1  2 . 4 7 4  5E+00
4 7 1 4 E - 0 1  - 1 . 3 4 1 1 E + 0 0  
2 6 3 5 E - 0 2  2 . 0 1 9 2 E - 0 2
7 3 8 9 E - 0 2  5 . 1 0 0 4 E - 0 4
8 8 7 0 E - 0 3 /
C*COC + CH3 (+M)

5 7 8 8 E + 0 0  1 . 3 3 7 4 E + 0 0
154  4 E - 0 1  - 6 . 0 8 0 3 E - 0 1  
4 7 6 8 E - 0 2  - 4  . 7 2 9 9 E - 0 3  
5 0 6 2 E - 0 2  5 . 4 6 2 7 E - 0 3
1 7 2 6 E - 0 3 /
C*CC + CH30 (+M)

9 6 7 5 E + 0 0  1 . 3 3 5 2 E + 0 0
1 5 3 8 E - 0 1  - 6 . 1 2 6 1 E - 0 1  
4 9 2 2 E - 0 2  - 4 . 5 7 1 0 E - 0 3  
5 2 5 5 E - 0 2  5 . 5 0 1 5 E - 0 3

3 . 1 2 2 9 E - 0 3 /
<=> C2C*0 + CH3 (+M)

6 7 4 5 E + 0 0  1 . 7  9 33 E + 0 0
4 1 5 5 E - 0 1  - 5 . 1 5 0 9 E - 0 1  
1 0 2 3 E - 0 1  - 4  . 1 4  5 9 E - 0 2  

8 . 5 7  5 1 E - 0 3  1 . 7 3 7 8 E - 0 2
6 . 3 9 9 8 E - 0 3 /

<■=> C*C(C)OC + H (+M)
LOW /  1 . 0  0 . 0  0 . 0  /
CHEB/ 7 3 - 5 . 8 9 0 2 E + 0 0  2 . 4 5 2 8 E + 0 0
CHEB/ 6 . 5 3 2 9 E - 0 2  4 . 6 7 6 7 E - 0 2  - 1 . 4 2 2 1 E - 0 1
CHEB/ 9 . 6 2 9 9 E - 0 2  - 2 . 6 8 0 4 E - 0 3  - 2 . 2 7 7 1 E - 0 3
CHEB/ 1 . 5 7  9 7 E - 0 3  - 2 . 8 4 3 1 E - 0 2  7 . 5 5 3 3 E - 0 4
CHEB/ - 2 . 1 5 7 2 E - 0 4  - 1 . 5 4 1 8 E - 0 4 /

- 1  .  4  4 7  9 E - 0 1  

- 4  . 6 4  9 5 E - 0 2

1 . O O E + O O

- 7 . 9 5 2 8 E - 0 2  

5 . 7 1 2 7 E - 0 1  

- 1 . 7 2 8 2 E - 0 1  

- 3 . 6 2 5 3 E - 0 2

1 . O O E + O O

- 2 . 0 4 7 5 E - 0 1  

5 . 7 1 9 2 E - 0 2  

8 . 6 0 1 2 E - 0 2  

- 6 . 0 4 1 6 E - 0 3

1 . O O E + O O

- 1 . 0 1 7 8 E - 0 1  

2 . 5 3 1 3 E - 0 1  

8 . 8 2 0 1 E - 0 2  

4 . 2 7 7  5 E - 0 3

1 . O O E + O O

- 1 . 0 7 7 3 E - 0 1  

1 . 9 0 7 5 E - 0 1  

9 . 8 5 5 0 E - 0 2  

7 . 3 2 3 7 E - 0 3

1 . O O E + O O

- 1 . 6 0 7  0 E - 0 1  

- 1 .  4  8 6 6 E - 0 1  

1 . 2 1 7 0 E - 0 1  

7 . 8 7 1 1 E - 0 3

1 . O O E + O O

- 3 . 5 9 8 0 E - 0 1  

4 . 8 9 6 4 E - 0 1  

- 5 . 5 2 1 3 E - 0 2  

8 . 6 4  3 1 E - 0 3

1 . O O E + O O

- 3 .  9 9 4  4 E - 0 1  

8 . 8 8 3 3 E - 0 2  

- 3 . 5 4  9 4  E - 0 2  

- 7 . 3 5 6 6 E - 0 3

1 . O O E + O O

- 3 . 9 9 9 9 E - 0 1  

9 . 0 9 9 8 E - 0 2  

- 3 . 5 5 8 4 E - 0 2  

- 7 . 3 6 6 1 E - 0 3

1 . O O E + O O

- 2 . 3 3 8 5 E - 0 1  

- 3 . 5 1 1 7 E - 0 2  

8 . 0 6 6 0 E - 0 2  

4 . 3 4 8 1 E - 0 3

1 . O O E + O O

- 3 . 4  0 6 2 E - 0 2  

- 1 . 8 7 4 4 E - 0 2  

3 . 5 2 4  3 E - 0 2  

6 .  0 2 3 1 E - 0 4

- 1  . 7  94 3 E - 0 1 /  
1 . 4 7 0 2 E - 0 2 /

.000
7 . 2 6 9 5 E + 0 0 /  
8 . 0 1 7 0 E - 0 2 /  

- 1 . 7 7 0 0 E - 0 1 /  
1 . 4  9 8 7 E - 0 2 /

.000
3 . 3 6 7 7 E + 0 0 /  
9 .  384  4 E - 0 2 /  

- 5 . 6 8 3 2 E - 0 2 /  
- 1 . 0 7 2 4 E - 0 2 /

.000
1 .  8 8 1 3 E + 0 0 /  
3 . 1 5 4  0 E - 0 2 /  

- 7 . 6 0 7 6 E - 0 2 /  
- 1 . 8 4  6 8 E - 0 2 /

.000
2 . 9 6 3 6 E + 0 0 /  
3 . 2 4 7 3 E - 0 2 /  

- 8 . 9 0 8 0 E - 0 2 /  
3 . 7  9 0 5 E - 0 3 /

.000
5 . 3 4 7 2 E + 0 0 /  
4 . 4  6 5 0 E - 0 2 /  
5 . 3 5 2 7 E - 0 3 /  

- 3 . 1 9 4  2 E - 0 2 /

.000

0. ! 0

0 .  ! 4

0 .  ! 4

0 .  ! 4

0.

0.
3 . 3 3 4  0E+ 0 0 /  
7 . 8 5 8 2 E - 0 2 /  

- 1 . 8 3 3 9 E - 0 2 /  
-4 . 6 9 1 0 E - 0 2 /

.000
9 . 5 9 9 4 E + 0 0 /
9 . 4 6 9 6 E - 0 2 /  

- 4 . 3 2 2 B E - 0 2 /  
- 2 . 8 3 7  8 E - 0 2 /

. 0 0 0

9 . 5 7 6 3 E + 0 0 /
9 . 5 0 3 4 E - 0 2 /  

- 4 . 3 6 5 7 E - 0 2 /  
- 2 . 8 4  2 2 E - 0 2 /

.000
1 . 7 9 8 9 E + 0 0 /
4 . 2 0 1 3 E - 0 2 /  

-1 . 94 4 8 E - 0 2 /  
- 2 . 6 1 0 2 E - 0 2 /

. 0 0 0

1 . 1 2 6 6 E + 0 1 /
- 1 . 2 9 1 7 E - 0 2 /
2 . 1 7  0 8 E - 0 3 /  

- 3 . 6 2 0 3 E - 0 2 /

0 .  ! 4

0.

0. ! 6

0.

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5
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C2C.OC ( +M) <■=>
LOW /  1 . 0  0 . 0  0 . 0  /

7 3 - 8
1 . 0 0 9 5 E + 0 0  2
2 . 6 9 4 0 E - 0 2  - 1  

- 2 . 1 6 5 5 E - 0 2  - 1  
1 . 1 0 4  9 E - 0 2

CHEB/  
CHEB/  
CHEB/  
CHEB/  
CHEB/  

C2 C . 0 C  (+M) 
LOW /  
CHEB/  
CHEB/

1 . 0  0 . 0  0 . 0  
7 3
1 . 2 2 9 5 E + 0 0  

CHEB/ - 1 . 2 2 1 0 E - 0 1  
CHEB/ - 1 . 9 7 4 4 E - 0 2

7 . 6 9 4 I E - 0 3  - 8  
<=>

8 
<=> 
/ 
-1 
8 

-6 
7,

CHEB/  
C2C. 0 C (+M

LOW /  1 . 0  0 . 0  0 . 0  /  
CHEB/ 7 3  - 1 .
CHEB/ 1 . 2 4 7 3 E + 0 0  1 .
CHEB/ - 1 . 7 1 9 6 E - 0 2  - 1 .  
CHEB/ - 4 . 5 8 6 6 E - 0 2  - 2 .

2 . 2 3 1 9 E - 0 2  4 .
<=>

CHEB/  
C2 C. 0 C (+M)

LOW /  
CHEB/  
CHEB/  
CHEB/  
CHEB/  
CHEB/

1 . 0  0 . 0  0 . 0  /
7 3 - 1
1 . 2 4  8 0 E + 0 0  1,

- 1 . 7 8 7 3 E - 0 2  - 1 ,  
- 4 . 5 8 3 9 E - 0 2  - 2 ,  

2 . 2 3 2 9 E - 0 2  4.
C 2 . C 0 C  (+M) <=>

LOW /  1 . 0  0 . 0  0 . 0  /  
CHEB/ 7 3 - 1 ,
CHEB/ 9 . 5 1 1 6 E - 0 1  1.
CHEB/ - 1 . 5 0 0 2 E - 0 1  - 7 ,  
CHEB/ - 2 . 3 5 4 2 E - 0 2  - 2 .  
CHEB/ 1 . 6 1 9 2 E - 0 2  3.

C2 . C0 C (+M) <=>
LOW /  1 . 0  0 . 0  0 . 0  /
CHEB/  
CHEB/  
CHEB/  
CHEB/  
CHEB/  

C2 . C0 C (+M

7 3 1
1 . 0 3 1 9 E + 0 0  1

- 1 . 6 0 7 5 E - 0 1  - 7  
- 2 . 1 4 4 2 E - 0 2  - 2  

1 . 6 8 8 0 E - 0 2  1
<=>

LOW /  1 . 0  0 . 0  0 . 0  /  
CHEB/ 7 3 3 .
CHEB/ 9 . 5 1 3 7 E - 0 1  1 .
CHEB/ - 1 . 5 0 7 4 E - 0 1  - 7 .  
CHEB/ - 2 . 3 6 6 8 E - 0 2  - 2 .  
CHEB/ 1 . 6 1 1 3 E - 0 2  3 .

C2.COC (+M) <=>
LOW /  1 . 0  0 . 0  0 . 0  /
CHEB/
CHEB/
CHEB/
CHEB/
CHEB/

C2 . COC ( +M)

1 . 9 6 9 9 E + 0 0  1 .
- 2 . 7 7  9 9 E - 0 1  - 1 .  

1 . 0 7 3 5 E - 0 2  - 9 .  
1 . 5 1 5 1 E - 0 2  - 4 .

<=>

CC.C + CH20 (+M)

9 9 0 6 E + 0 0  1 . 6 9 9 8 E + 0 0
3 8 7 0 E - 0 1  - 2 . 8 9 1 0 E - 0 1  
2 5 6 1 E - 0 1  - 5 . 0 0 4 6 E - 0 2  
3 2 0 0 E - 0 2  2 . 5 3 6 0 E - 0 2
9 7 8 5 E - 0 3 /
C2.COC (+M)

0 9 0 0 E + 0 1  3 . 6 5 1 7 E + 0 0
4 4 6 0 E - 0 2  - 8 . 9 9 9 2 E - 0 1  
9 8 1 8 E - 0 2  4 . 6 6 2 2 E - 0 2
2 2 3 3 E - 0 3  - 3 . 6 3 7 2 E - 0 2  
7 3 3 8 E - 0 3 /
C*COC + CH3 <+M)

0 6 6 5 E + 0 1  1 . 3 2 5 1 E + 0 0
3 9 1 8 E - 0 1  - 1 . 0 8 6 9 E - 0 1  
4 4 5 5 E - 0 1  3 . 7 3 5 1 E - 0 3
4 9 0 5 E - 0 2  - 4 . 9 1 0 5 E - 0 3  
2 1 9 3 E - 0 3 /
C*CC + CH30 (+MJ

2 0 6 7 E + 0 1  1 . 3 2 3 7 E + 0 0
3 8 5 7 E - 0 1  - 1 . 1 1 3 9 E - 0 1  
4 4 2 9 E - 0 1  3 . 9 7 8 7 E - 0 3
4 9 8 0 E - 0 2  - 5 . 1 6 6 5 E - 0 3  
1 5 4 3 E - 0 3 /
C*CC + CH30 (+M)

0 2 0 1 E + 0 0  1 . 4 8 9 1 E + 0 0
7 5 8 2 E - 0 1  - 5 . 7 8 6 6 E - 0 1  
3 5 1 2 E - 0 2  1 . 2 0 1 4 E - 0 2
4 7 8 1 E - 0 2  - 1 . 7 9 8 2 E - 0 4  
2 7 4  9 E - 0 3 /
C*C(C)OC + H (+M)

6 8 2 0 E - 0 1  1 . 3 8 2 1 E + 0 0
3 4 3 0 E - 0 1  - 5 . 8 2 6 1 E - 0 1  
4 1 6 7 E - 0 2  2 . 4 1 6 0 E - 0 2
7 5 8 9 E - 0 2  - 1 . 8 1 5 7 E - 0 3  
7 2 9 3 E - 0 3 /
C*COC + CH3 (+M)

6 7 7 7 E - 0 1  1 . 4  9 0 8 E+ 0 0
7 6 1 7 E - 0 1  - 5 . 7  3 5 1 E - 0 1  
3 8 0 9 E - 0 2  1 . 1 6 2 6 E - 0 2
4 5 2 0 E - 0 2  - 6 . 3 7 0 6 E - 0 5  
34 3 3 E - 0 3 /
CC.C + CH20 ( +M)

9 0 1 1 E + 0 0  3 . 4 7 0 4 E - 0 1
7 6 9 7 E - 0 1  - 7 . 9 7 1 5 E - 0 1  
0 9 6 8 E - 0 1  3 . 4  2 2 3 E - 0 2
6 7 1 0 E - 0 3  - 1 . 3 1 1 8 E - 0 2  
6 1 4 4 E - 0 3 /
C2C*0  + CH3 (+M)

LOW /  1 . 0  0 . 0  0 . 0  /
CHEB/ 7 3 - 4 . 0 6 0 0 E + 0 0  1 . 6 8 0 0 E + 0 0
CHEB/ 8 . 3 1 1 6 E - 0 1  2 . 6 0 2 3 E - 0 1  - 5 . 3 0 6 6 E - 0 1
CHEB/ - 1 . 2 5 1 1 E - 0 1  - 7 . 5 4 6 2 E - 0 2  - 1 . 2 8 4 1 E - 0 2  
CHEB/ - 2 . 4  6 7 8 E - 0 2  - 1 . 5 4 2 2 E - 0 2  4 . 5 1 1 7 E - 0 3

1 . 4 7 5 6 E - 0 2  6 . 1 4 0 1 E - 0 3 /
<=> C3.COC  
<“ > C2C+C + CH30  
<=> C * CI C) 0C + CH3 
< - >  C3C.  + CH30 (+M)

CHEB/
C3COC.
C 3 . COC 
C 3 . COC 
C3COC (+M) 

LOW /  
CHEB/  
CHEB/

1 . 0  0 . 0  0 . 0  
7 3
9 . 3 5 1 5 E - 0 1

CHEB/ - 5 . 3 3 4 7 E - 0 1

/
-1.
-1.
2.

CHEB/
CHEB/

5 . 7 3 5 2 E - 0 2  - 9 .  
- 6 . 5 9 3 3 E - 0 2  1 .

5 1 7 4 E + 0 1  5 . 2 8 8 0 E - 0 1
0 2 6 7 E - 0 1  - 8 . 6 2 4  2 E - 0 1  
9 9 4 4 E - 0 1  3 . 6 5 0 3 E - 0 2
0 5 7 0 E - 0 2  - 5 . 5 5 7 1 E - 0 2  
0 1 5 0 E - 0 2 /

1 . O O E + O O

- 2 . 2 8 6 4  E - 0 1  

- 1 . 0 8 0 3 E - 0 1  

3 . 9 5 7 6 E - 0 2  

7 . 9 1 5 7 E - 0 3

1 . O O E + O O

- 2 . 3 3 4 7 E - 0 1  

2 . 7 5 8 0 E - 0 1  

3 . 0 9 0 3 E - 0 2  

- 2 . 6 7 4 1 E - 0 2

1 . O O E + O O

- 2 . 3 1 9 6 E - 0 1  

1 . 2 3 7 7 E - 0 1  

- 1 . 3 9 1 2 E - 0 2  

- 2 . 2 7  9 8 E - 0 2

1 . O O E + O O

- 2 . 3 1 7 2 E - 0 1  

1 .  2 4 5 1 E - 0 1  

- 1 . 3 9 4  8 E - 0 2  

- 2 . 2 8 7  4 E - 0 2

1 . O O E + O O

- 2 . 9 8 6 9 E - 0 1  

1 . 4 7 0 7 E - 0 1  

- 3 . 7  9 5 4 E - 0 2  

- 1 . 1 5 1 1 E - 0 2

1 . O O E + O O

- 2 . 8 2 4 0 E - 0 1  

1 . 7 4 6 1 E - 0 1  

- 4 . 3 6 9 5 E - 0 2  

- 1 . 3 7 2 2 E - 0 2

1 . O O E + O O

- 2 . 9 8 4 7 E - 0 1  

1 . 4 5 2 4 E - 0 1  

- 3 . 7  9 7 2 E - 0 2  

- 1 . 1 4 2 4 E - 0 2

1 . O O E + O O

- 3 . 5 1 3 1 E - 0 1  

3 . 1 0 8 1 E - 0 1  

- 4 . 4 8 5 8 E - 0 2  

- 1 .  4 8 2 6 E - 0 3

1 . O O E + O O

- 3 . 2 0 3 9 E - 0 1  

7 . 1 9 2 7 E - 0 2  

- 1 . 8 9 5 7 E - 0 2  

- 5 . 6 2 1 9 E - 0 3

2 . 8 4 E + 0 8  0 .

1 . 0 9 E + 1 2  0 .

8 . 6 6 E + 1 0  0 .

1 . O O E + O O

- 6 . 8 1 9 6 E - 0 2  

6 . 3 4 0 1 E - 0 1  

- 2 . 6 7 2 7 E - 0 1  

3 . 9 7 3 2 E - 0 2

. 0 0 0  0 . ! 6

1 . 3 1 2 1 E + 0 1 /

4  . 5 7  4  8 E - 0 2 /

- 6 .  7 7  9 7 E - 0 3 /

- 3 . 1 0 5 7 E - 0 2 /

. 0 0 0  0 . ! 6

1 . 2 4 2 1 E + 0 1 /

1 . 3 4 4 7 E - 0 1 /

- 9 . 7 2 4  2 E - 0 2 /

- 2 . 4 2 5 8 E - 0 2 /

. 0 0 0  0 . ! 6

1 . 5 2 2 0 E + 0 1 /

1 . 3 7 8 7 E - 0 1 /

- 8 . 4  9 4  0 E - 0 2 /

- 2 . 0 7  7 1 E - 0 2 /

. 0 0 0  0 . ! 6

1 . 5 2 0 8 E + 0 1 /

1 . 3 8 0 7 E - 0 1 /

- 8 . 5 1 9 8 E - 0 2 /

- 2 . 0 8 2 1 E - 0 2 /

. 0 0 0  0 .  ! 5

8 . 2 2 0 B E +  0 0 /

1 . 2 3 4 8 E - 0 1 /

- 5 . 1 9 4 6 E - 0 2 /

- 2 . 6 3 9 1 E - 0 2 /

. 0 0 0  0 .  ! 5

7 . 3 1 8 3 E + 0 0 /

1 . 3 4 6 9 E - 0 1 /

- 5 . 6 6 7 7 E - 0 2 /

- 2 . 7 7  0 0 E - 0 2 /

. 0 0 0  0 .  ! 5

8 .  2 4 4 4  E  +  0 0 /

1 . 2 3 4  0 E - 0 1 /

- 5 . 1 5 3 9 E - 0 2 /

- 2 . 6 3 2 0 E - 0 2 /

. 0 0 0  0 .  ! 5

4 . 3 4  9 4 E + 0 0 /

9 . 8 8 5 7 E - 0 2 /

- 8 . 5 9 7  5 E - 0 2 /

- 2 . 4  9 0 3 E - 0 2 /

. 0 0 0  0 .  ! 5

1 . 0 6 8 7 E + 0 1 /

8 . 4 7 6 0 E - 0 2 /

- 3 . 9 9 7 6 E - 0 2 /

- 2 . 4 2 1 0 E - 0 2 /

0 1 0 8 0 0 .

0  1 7 9 0 0 .

0  1 7 9 0 0 .

. 0 0 0  0 .  ! I n g 5 0 3

2 . 4 0 5 8 E + 0 1 /  

- 2 . 7 7 3 9 E - 0 2 /

5 . 5 6 5 0 E - 0 2 /

- 9 . 1 9 8 5 E - 0 3 /

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5
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C 3 C O C  ( + M )  < = >  C 2 C + C  +  C H 3 0 H  ( + M )  1 . O O E + O O  . 0 0 0  0 .  ! i n g 5 0 3

L O W  /  1 . 0  0 . 0  0 . 0  /

C H E B /  7  3  - 1 . 0 5 0 5 E + 0 1  3 . 5 9 3 6 E - 0 1  - 4 . 9 7 0 6 E - 0 2  1 . 8 3 4 6 E + 0 1 /

C H E B /  6 . 6 1 5 B E - 0 1  - 8 . 4 8 2 1 E - 0 2  - 6 . 2 3 0 5 E - 0 1  5 . 1 1 4 6 E - 0 1  - 4 . 8 4 5 3 E - 0 2 /

C H E B /  - 4 . 4 2 9 6 E - 0 1  3 . 2 1 0 7 E - 0 1  - 7 . 7 6 9 9 E - 0 3  - 2 . 7 8 3 0 E - 0 1  1 . 4 8 2 7 E - 0 1 /

C H E B /  2 . 0 4  0 5 E - 0 2  - 1 . 4 0 1 1 E - 0 1  3 . 0 9 7 1 E - 0 2  2 . 8 7 9 0 E - 0 2  - 5 . 2 9 4 9 E - 0 2 /

C H E B /  - 2 . 3 1 9 2 E - 0 2  2 . 1 2 9 5 E - 0 2 /

C 3 C O C  ( + M )  < = >  C 2 C . O C  +  C H S  ( + M )  1 . O O E + O O  . 0 0 0  0 .  ! 0

L O W  /  1 . 0  0 . 0  0 . 0  /

C H E B /  7  3  - 1 . 6 5 8 6 E + 0 1  5 . 4 0 7 4 E - 0 1  - 6 . 4 9 4 6 E - 0 2  2 . 4 9 5 0 E + 0 1 /

C H E B /  9 . 5 3 2 9 E - 0 1  - 9 . 6 1 1 5 E - 0 2  - 9 . 1 3 0 0 E - 0 1  6 . 3 9 9 7 E - 0 1  - 2 . 2 2 4 8 E - 0 2 /

C H E B /  - 5 . 6 1 2 1 E - 0 1  2 . 9 5 6 0 E - 0 1  3 . 8 9 7 4 E - 0 2  - 2 . 7 7 4 3 E - 0 1  4 . 9 0 6 4 E - 0 2 /

C H E B /  5 . 6 1 4 3 E - 0 2  - 9 . 1 3 1 8 E - 0 2  - 5 . 9 4 2 5 E - 0 2  3 . 6 4 0 0 E - 0 2  - 6 . 9 1 B 8 E - 0 3 /

C H E B /  - 6 . 5 9 2 6 E - 0 2  7 . 1 5 7 6 E - 0 3 /

C 3 C O C  ( + M )  0 >  C 3 . C O C  +  H ( + M )  1 .  O O E + O O  . 0 0 0  0 .  ! 0

L O W  /  1 . 0  0 . 0  0 . 0  /

C H E B /  7  3  - 2 . 4 6 2 5 E + 0 1  7 . 2 8 9 9 E - 0 1  - 8 . 9 9 3 3 E - 0 2  2 . 9 8 9 1 E + 0 1 /

C H E B /  1 . 1 8 0 7 E + 0 0  - 9 . 0 6 7 8 E - 0 2  - 1 . 0 7 7 4 E + 0 0  6 . 1 8 9 6 E - 0 1  4 . 3 5 2 3 E - 0 2 /

C H E B /  - 5 . 3 8 3 9 E - 0 1  1 . 4 4 2 7 E - 0 1  9 . 3 8 1 0 E - 0 2  - 1 . 9 5 2 9 E - 0 1  - 7 . 9 7 7 7 E - 0 2 /

C H E B /  5 . 7 1 2 6 E - 0 2  - 2 . 2 4 0 6 E - 0 2  - 1 . 0 6 2 7 E - 0 1  2 . 1 9 0 2 E - 0 3  2 . 7 8 9 9 E - 0 2 /

C H E B /  - 5 . 4 5 4 2 E - 0 2  - 2 . 3 8 5 8 E - 0 2 /

C 3 C O C  ( + M )  < = >  C 3 C O C .  +  H ( + M )  1 . O O E + O O  . 0 0 0  0 .  ! 0

L O W  /  1 . 0  0 . 0  0 . 0  /

C H E B /  7  3  - 2 . 3 3 7 1 E + 0 1  6 . 4 8 5 2 E - 0 1  - 7 . 7 1 4 3 E - 0 2  2 . 7 9 2 0 E + 0 1 /

C H E B /  1 . 0 9 7 4 E + 0 0  - 9 . 6 4 0 4 E - 0 2  - 1 . 0 2 1 7 E + 0 0  G . 4 8 6 9 E - 0 1  1 . 0 8 0 8 E - 0 2 /

C H E B /  - 5 . 6 2 1 5 E - 0 1  2 . 1 7 1 6 E - 0 1  7 . 3 5 5 2 E - 0 2  - 2 . 3 1 6 8 E - 0 1  - 3 . 2 1 3 4 E - 0 2 /

C H E B /  6 . 4 6 0 7 E - 0 2  - 4 . 7 6 8 2 E - 0 2  - 9 . 7 9 3 3 E - 0 2  2 . 1 3 7 4 E - 0 2  1 . 7 0 0 4 E - 0 2 /

C H E B /  - 6 . 6 0 6 7 E - 0 2  - 1 . 1 6 3 9 E - 0 2 /

C3COC <=> C3CO. •+ 'CH3 3 . 9 6E + 1 6 0 . 0 8 3 0 0 0
C3COC o > C2C.OC + CH3 2 . 2 6 E + 1 7 0 . 0 8 3 7 0 0
C3COC < = > C 3 . COC + H 1 . 7 2 E + 1 6 0 . 0 9 9 7 0 0
C3COC < - > C3COC. + H 6 . 1 3 E + 1 4 0 . 0 9 3 4 0 0
C3COC + 0 < « > C 3 . COC + OH 4 . 5 3 E + 1 3 0 . 0 5 8 0 0
C3COC + 0 < = > C3COC. + OH 1 . 8 6 E + 1 3 0 . 0 3 3 0 6
C3COC + H < = > C 3 . COC + H2 1 . 8 9 E + 1 3 0 . 0 8 7 0 0
C3COC + H < « > C3COC. + H2 8 . 0 0 E + 1 2 0 . 0 59 5 1
C3COC + 0 2 < = > C 3 . COC + H02 6 . 0 6 E + 1 3 0 . 0 5 0 8 6 7
C3COC + 0 2 <=> C3COC. + H02 1 . 0 5 E + 1 3 0 . 0 44 90 0
C3COC + OH < - > C3.COC + H20 1 . 5 3 E + 1 3 0 . 0 2 2 1 6
C3COC + OH <=> C3COC. + H20 7 . 7  6E+12 0 . 0 7 6 9
C3COC + H02 <=> C 3 . COC + H202 2 . 5 2 E + 1 1 0 . 0 1 2 0 0 0
C3COC + H02 < = > C3COC. + H202 8 . 5 0 E + 1 0 0 . 0 1 3 0 0 0
C3COC + CH3 < = > C 3 . COC + CH4 1 . 1 9 E + 1 1 0 . 0 1 1 6 0 0
C3COC + CH3 < = > C3COC. + CH4 2 . 4 6 E + 1 2 0 . 0 1 2 0 7 3
C3COC ■f CH30 < = > C 3 . COC + CH30H 3 . 6 2 E + 1 1 0 . 0 7 0 9 4
C3COC + CH30 < = > C3COC. + CH30H 1 . 2 0 E + 1 1 0 . 0 3 5 0 0 .
C3COC + CH20H < = > C3.COC + CH30H 3 . 62E +1 1 0 . 0 7 0 9 4  ,
C3COC + CH20H < = > C3COC. + CH30H 1 . 2 0 E + 1 1 0 . 0 3 5 0 0 .
C3COC + HCO < = > C 3 . COC + CH20 7 . 0 4 E + 0 4 2 . 7 2 1 8 2 3 3 .
C3COC + HCO < = > C3COC. + CH20 2 . 6 8 E + 0 4 2 . 7 2 1 8 2 3 3 .
C3COC + C2H5 < = > C 3 . COC + C2H6 4 . 7 4E+11 0 . 0 1 2 3 0 0 .
C3COC + C2H5 < = > C3COC. + C2H6 1 . 5 8 E + 1 1 0 . 0 1 2 3 0 0 .
C3COC + C3C. < = > C3.COC + C3C 1 . 5 0 E + 1 1 0 . 0 1 2 9 0 0 .
C3COC + C3C. < = > C3COC. + C3C 5 . 0 1 E + 1 0 0 . 0 1 2 9 0 0 .
C3COC + CC.C < = > C3.COC + CCC 1 . 5 0 E + 1 1 0 . 0 1 2 9 0 0 .
C3COC + CC.C < « = > C3COC. + CCC 5 . 0 1 E + 1 0 0 . 0 1 2 9 0 0 .
E N D

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5

1 1 / 9 5
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Figure B.2 Calibration curve o f mass flow controller 1 for argon with inlet pressure of
200 psig.
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Figure B.3 Calibration curve o f mass flow controller 2 for Argon with inlet pressure of
200 psig.
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Figure B.4 Calibration curve o f mass flow controller 3 for methane with inlet pressure
o f 200 psig.
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Figure B.5 Calibration curve o f mass flow controller 4 for oxygen with inlet pressure
o f 200 psig.
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Figure B.6 Reactor Temperature Profiles at 1.3 gm Ar /  min
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Figure B.8 Experimental result o f methanol pyrolysis: T=  1073 K , p  = 1 atm; X 0, c i b o i i

= 0.0395
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Figure B.9 Experimental result of methanol pyrolysis: T =  1073 K; p  = 3 atm; X 0, c i d o i i

= 0.01317
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Figure B.10 Experimental result of methanol pyrolysis: T  = 1073 K ;p  = 5 atm;
X o .C ID O H  = 0.0079
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Figure B.ll Experimental result of methanol pyrolysis: T = 1073 K; p  = 8 atm;
X 0,cii3on = 0.00494
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Figure B.12 Experimental result of methanol pyrolysis: T = 1073 K , p  = 8 atm;
Xo.cmoH = 0.0025
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Figure B.13 Experimental result of methanol pyrolysis: T  = 1073 K; p  = 10 atm;
X 0,cii30H = 0.00395
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Figure B.14 Experimental result of methanol oxidation: <p= 1.0; T =  873 K; p  = 3 atm;
X 0,ci!30H = 0.0078.
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Figure B.15 Experimental result of methanol oxidation: (p = 0.75; 7 '=  873 K; p  = 3
atm; Xo,cii3on = 0.0078.
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Figure B.16 Experimental result of methanol oxidation: < p = \ . 0 \ T = 873 K , p  = 5 atm;
X 0,cii3on = 0.0078.
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Figure B.17 Experimental result of methanol oxidation: (p = 0.75; T  = 873 K; p
atm; Xo.ciuon = 0.0078.



M
ole

 
Fr

ac
tio

n

129

0.010
0.009

0.008

0.007 CH,OH

0.006

0.005

0.004

0.003

0.002

0.001

0,000 i i i i . I i i .i ■ i, I i i i i I
1.0e-3 t i | i 1 i i™t"| FTT T T T T T

1.0e-4

1.0e-5
CH

1 .0 e - 6

0.00 0.05 0.10 0.15 0.20 0.25 0.30

Time I second

Figure B.18 Experimental result of methanol oxidation: (p = i.0; T = 923 K ; p  = 1 atm;
X0,cii3on = 0.0078.



M
ol

e 
F

ra
ct

io
n

0.010
0.009

0.008

0.007

0.006

0.005

0.004

0.003

0.002

0.001

0.000
1.0e-3 | I I I I | T"7 I I | I— I I I

CH„0
1.0e-4

CO.
1.0e-5

CH

1 .0 e - 6

0.00 0.05 0.10 0.15 0.20 0.25 0.30

Tim e / s e c o n d

Figure B.19 Experimental result of methanol oxidation: $?= 0.75; T = 923 K; p
atm; X0icii3on = 0.0078.
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Figure B.20 Experimental result of methanol oxidation: (p= 1.0; T = 923 K;/> = 3 atm;
X 0,ch3oh = 0.0078.
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Figure B.21 Experimental result of methanol oxidation: (p = 0.75; T = 923 K; p
atm; X0icioou = 0.0078.
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Figure B.22 Experimental result of methanol oxidation: <p = 1.0; T = 923 K; p  = 5 atm;
X o.ciboh = 0.0078.
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Figure B.23 Experimental result of methanol oxidation: <p = 0.75; T = 923 K; p
atm; X0icii3on = 0.0078.
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Figure B.24 Experimental result of methanol oxidation: <p = 1.0; T = 973 K , p  = 1 atm;
X 0,cu3on = 0.0078.
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Figure B.25 Experimental result of methanol oxidation: <p = 0.75; T =  973 K; p
atm; X0iciboii = 0.0078.
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Figure B.26 Experimental result of methanol oxidation: <p= 1.0; T = 973 K , p  = 3 atm;
X 0, c h 3 o h  = 0.0078.
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Figure B.27 Experimental result of methanol oxidation: <p = 0.75; T = 973 K; p
atm; X o.cibqh = 0.0078.
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Figure B.28 Experimental result of methanol oxidation: (p = 1.0; T = 973 K; p  = 5 atm;
X0,cii3on = 0.0078.
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Figure B.29 Experimental result of methanol oxidation: <p= 0.75 ; T = 973 K; p
atm; X0icii30H == 0.0078.
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Figure B.30 Experimental result of methanol oxidation: <p= l . 0 ; T = 1023 K; p
atm; X0,cii3on = 0.0078.
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Figure B.31 Experimental result of methanol oxidation: 0.75; T = 1023 K; p  = 1
atm; X0>cii3on = 0.0078.
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Figure B.32 Experimental result of methanol oxidation: <p= 1.0; T -  1023 K; p
atm; X0ich3oii = 0.0078.
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Figure B.33 Experimental result of methanol oxidation: cp = 0.75; T = 1023 K , p  = 3
atm; X^oboii = 0.0078.
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Figure B.34 Experimental result of methanol oxidation: (p= 1.0; T = 1023 K; p
atm; X 0 , c i d o i i  = 0.0078.
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Figure B.35 Experimental result of methanol oxidation: (p = 0.75; 7’= 1023 K; p  = 5
atm; Xo.cidoii ~ 0.0078.
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Figure B.36 Experimental result of methanol oxidation: <p= 1.0; T = 1073 K; p
atm; X0icii3on = 0.0078.
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Figure B.37 Experimental result of methanol oxidation: <p = 0.75; T = 1073 K; p  = 1
atm; Xo>cii30ii = 0.0078.
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Figure B.38 Experimental result of methanol oxidation: (p= 1.0; T = 1073 K; p
atm; X 0 ic i b o h  ~ 0.0078.
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Figure B.39 Experimental result of methanol oxidation: (p= 0.75; T = 1073 K;/; = 3
atm; X 0>c i b o i i  = 0.0078.
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Figure B.40 Experimental result of methanol oxidation: (p= 1.0; 7’= 1073 K; p
atm; X0,cii3on = 0.0078.
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Figure B.41 Experimental result of methanol oxidation: <p = 0.75; T -  1073 K; p  = 5
atm; X 0 ic i b o h  = 0.0078.
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Figure B.42 Experimental result of methanol oxidation: q> = 1.0; t = 0.15 s; p  = 1 atm;
X0,cii3on = 0.0078.
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Figure B.43 Experimental result of methanol oxidation: (p = 0.75; t = 0.15 s \p  = 1 atm;
X0,cii3oh = 0.0078.
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Figure B.44 Experimental result of methanol oxidation: cp = 1.0; t = 0.2 s ,p  = 1 atm;
X0,cii3on = 0.0078.
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Figure B.45 Experimental result of methanol oxidation: (p = 0.75; t = 0 . 2 s , p =  1 atm;
X 0,c u 3 o h  = 0.0078.
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Figure B.46 Experimental result of methanol oxidation: <p = 1.0; i -  0.25 s; p  = 1 atm;
Xo,cii3on = 0.0078.
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Figure B.47 Experimental result of methanol oxidation: (p = 0.75; t = 0.25 s\ p =  1 atm;
X0,cii3on = 0.0078.
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Figure B.48 Experimental result of methanol oxidation: <p = 1.0; t = 0.4 s; p  = 3 atm;
X0,ch30h ~ 0.0078.
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Figure B.49 Experimental result of methanol oxidation: <p = 0.75; t = 0.4 s; p  = 3 atm;
X0,cii3on = 0.0078.
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Figure B.50 Experimental result of methanol oxidation: <p= 1.0; / = 0.6 s;/? = 3 atm;
X0,cii30H = 0.0078.
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Figure B.51 Experimental result of methanol oxidation: $9= 0.75; t = 0.6 s \ p = 3 atm;
Xo.ciDon = 0.0078.



ole
 

F
ra

ct
io

n

163

i | i I 1 1' | I I I 1“̂ “ ™̂!' I T'| I""!1

0.003

0 .0 0 2

0.001

0 .0 0 0 1.1 i—I—i .in i i I i i i i i—i -1 i i i i ■ i i i . i i i i i i
1.0e-3 pt

1.0e-5

11.0e-6
800 850 900 950 1000

T e m p e ra tu re  /  K

1050

Figure B.52 Experimental result of methanol oxidation: (p= 1.0; t -  0.8 s , p  = 3 atm;
X0,ch3oh = 0.0078.
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Figure B.53 Experimental result of methanol oxidation: <p= 0.75; t = 0.8 s , p = 3 atm;
Xo.cmoii = 0.0078.
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Figure B.54 Experimental result of methanol oxidation: (p = 1.0; / = 0.6 s;/? = 5 atm;
X o.ciboh = 0.0078.
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Figure B.55 Experimental result of methanol oxidation: <p= 0.75; t = 0.6 s ; p = 5 atm;
X q.ciuoh = 0.0078.



M
ol

e 
F

ra
ct

io
n

167

0.010
0.009

0.008
CO,CO

0.007

0.006

0.005

0.004

0.003

0.002

0.001

0 .0 0 0
1.0e-3 i i I i i i I i i i i 'I i i i i I 1 i 1 yT 1 I 1 LIT T T T

C H ,0

1.0e-4

1.0e-5 CH

1.0e-6
800 850 900 950 1000 1050

T em p era tu re  / K

Figure B.56 Experimental result of methanol oxidation: (p= 1.0; t = 0.8 s , p  = 5 atm;
X0,cii30n = 0.0078.
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Figure B.57 Experimental result of methanol oxidation: <p- 0.75; t = 0.8 s , p = 5 atm;
Xo.ciuoH = 0.0078.
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Figure B.58 Experimental result of methanol oxidation: (p = 1.0;/= 1.0 s; p  = 5 atm;
X o.c i d o h  = 0.0078.
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Figure B.59 Experimental result of methanol oxidation: $9 = 0.75; i -  1.0 s , p  = 5 atm;
X 0,cii30H = 0.0078.
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Figure B.60 Experimental result of methanol oxidation: (p = 1.0; t = ] .5 s; p  = 5 atm;
X o.cidoh = 0.0078.
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Figure B.61 Experimental result of methanol oxidation: cp = 0.75; /=  1.5 s;/? = 5 atm;
X0,cii30ii = 0.0078.
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Figure B.62 Experimental result of methane / methanol oxidation: cp = 1.0; T = 873 K;
p  = 5 atm; X0,cn4 = 0.0078; Xo.ctooh = 0.0078.
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Figure B.63 Experimental result of methane / methanol oxidation: <p= 1.0; T = 873 K;
p  = 5 atm; X0,cn4 = 0.01014; X0tcii3oii = 0.00546.
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Figure B.64 Experimental result of methane / methanol oxidation: cp = 1.0; T = 873 K;
p  = 5 atm; X 0,cii4 = 0.0117; X 0icidoh = 0.0039.
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Figure B.65 Experimental result of methane / methanol oxidation: (p = 1.0; T = 873 K;
p  — 5  atm; X 0>c h 4 ” 0.01326; X 0 , c h 3o h  = 0.00234.
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Figure B.66 Experimental result of methane / methanol oxidation: < p = \ . 0 \ T = 873 K;
p  = 5 atm; X0icn4 = 0.01404; Xo,ch3 0h= 0.00156.
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Figure B.67 Experimental result of methane / methanol oxidation: <p = 1.0; T = 873 K;
p  — 5 atm; X 0,cii4 = 0.0039; X0icibom = 0.0039.
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Figure B.68 Experimental result of methane / methanol oxidation: <p= l .0; 7’= 873 K;
p  — 5 atm; X0,cii4 = 0.00273; X0icii3on = 0.00507.
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Figure B.69 Experimental result of methane / methanol oxidation: cp= 1.0; T = 873 K;
p  — 5 atm; X0,cii4 = 0.00195; X0ich3oh = 0.00585.
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Figure B.70 Experimental result of methane / methanol oxidation: (p = 1.0; T = 1023
K; /? = 1 atm; Xo,ch4 = 0.0078; X<>,ch30h = 0.0078.
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Figure B.71 Experimental result of methane / methanol oxidation: <p= 1.0; T =
K;/? = 1 atm; X o.cim = 0.0156; X o.ciuoh = 0.0.
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Figure B.72 Experimental result of methane / methanol oxidation: <p= 1.0; 7’= 1073
K , p = \  atm; Xo.cim = 0.0078; Xo,ch3 0ii = 0.0078.
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Figure B.73 Experimental result of methane / methanol oxidation: <p = 1.0; 7’= 1073
K;p = 1 atm; X^cim = 0.0; Xo(ch3oh = 0.0156.
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Figure B.74 Rate coefficients for C 2H 6 -> CH3 + CH3
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Figure B.76 Relative errors for CH2OH + 0 2 —» H 0 C (0 0 )H 2 

(a) Chebyshev 7x3 (b) Chebyshev 9x5
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Figure B.77 Relative errors for CH2OH + 0 2 -»  CH20  + H 0 2 

(a) Chebyshev 7x3 (b) Chebyshev 9x5
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Figure B.80 Results of QRRK Analysis for CH2OH + 0 2 [H2(OH)COO*]*
Product at 300K
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Figure B.81 Results of QRRK Analysis for CH2O H  + 02 <-> [H2(OH)COO»]*
Product at 900K
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Figure B.82 Results of QRRK Analysis for CH2OH + 02 [H2(OH)COO]*
Product at 1800K
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Figure B.83 Results of QRRK Analysis for CH2OH  + 0 2 [H2(OH)COO»]*
Product at 1 atm
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Figure B.84 Results of QRRK Analysis for CH2OH + 02 [H2(OH)COO]*
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Figure B.87 Results of QRRK Analysis for H 2C=0 + H 0 2 <-> [H2CO..HOO]* ->
Product at 900 K
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Figure B.95 Comparison of Model and Experimental Results for Methanol Oxidation
at 873 K, 5 atm, X« = 0.78%, <f>= 1.0
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Figure B.96 Comparison of Model and Experimental Results for Methanol Oxidation
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Figure B.98 Comparison of Model and Experimental Results for Methanol Oxidation
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Figure B.101 Potential Energy Diagram for CH3 + O 2 <-> [CH30 0 ]*  - >  Products
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Potential E nergy D iagram  for (CH J3COCH3 D issociation

y B - O - C H ,  «■ C H ,  

C H ,

14.3
C H ,

C H , — j O — Q »  »  C H ,

13.6
C H ,

13.3
C H ,

C H , - H C »  ♦  C H , 0  

C H ,

C H ,

C  =  C H j  ♦  C H j O H

52.0

Ea =  59.0C H ,

C H , - ^ C - 0 - C H ,

C H ,

- 70.5

kcal /  mol

F igure B . l l l  Potential Energy Diagram for M TBE -> Products
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APPENDIX C

QRRK INPUT PARAMETERS

C .l CH3OH -> Products

dH = 96.5

CH20H + H 48.5
Energy, kcal/mol CH30 + H60

56.1
CH3 + OHCH2 + H20

40 43.7 44.1

HCOH + H2
20 22.6

0

-20 C H 2 0 + H2
-26.0

-40
dH = 92.1dH = 91.7Ea = 85.0CH30H

-48 0
-60

reaction A (s"^ or cm^/(mol*s)) Ea (kcal/mol)

1 CH 3  + OH ->  CH 3 OH 2.62E+13 0 . 0

- 1 CH 3 OH -»  CH 3  + OH 6.30E+15 91.8

2 CH 3 OH ‘HCOH + H 2 1.09E+14 85.0

3 CH 3 OH ->  * c h 2  + h 2o 4.40E+14 89.8

4 CH 3 OH -»  CH20  + h 2 1.27E+13 91.9

5 CH 3 OH ->  CH2OH + H 1.30E+15 95.0

6 c h 3 o h - » c h 3o  + h 2.39E+14 103.4

frequencies/degenercies (from CPFIT): 738 cm '1/3.049, 
1729 cm->/5.932, 3695 cm-V2.518 

Lennard-Jones parameters: a  = 3.78 A, e/k = 377 K 
k j M icroscopic Reversibility (MR).
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k_] A_j from A. M. Dean, J. W. Bozzelli and E. R. Ritter (1991), Combust. Sci. 
Technol. 80, 63. E a i from R. Humpfer et al. Twenty-fiftth Sumposium on 
Combustion, 1994, 721. 

k2  A2  from A. M. Dean, J. W. Bozzelli and E. R. Ritter (1991), Combust. Sci. 
Technol. 80, 63. Ea 2  from R. Humpfer et al. Twenty-fiftth Sumposium on 
Combustion, 1994, 721. 

k 3  A 3  from A. M. Dean, J. W. Bozzelli and E. R. Ritter (1991), Combust. Sci. 
Technol. 80, 63. Ea 3  from R. Humpfer et al. Twenty-fiftth Sumposium on 
Combustion, 1994, 721. 

k4  A4  from A. M. Dean, J. W. Bozzelli and E. R. Ritter (1991), Combust. Sci. 

Technol. 80, 63. Ea 4  from R. Humpfer et al. Twenty-fiftth Sumposium on 
Combustion, 1994, 721. 

k 5  from A. M. Dean, J. W. Bozzelli and E. R. R itter (1991), Combust. Sci. Technol. 
80, 63.

kg from A. M. Dean, J. W. Bozzelli and E. R. R itter (1991), Combust. Sci. Technol. 
80, 63.



227

C.2 CH3  + O2  —> [CH3 OO®]* —> Products

C H 3 0  + O
63.51

CH3 + 0 2 C H 3 0 0 .
35.12 E4 = 2.0

C 1 I2 0 0 H

15.27

E3 = 42.34.97

C 1I20  + O il
-16.51

Kcal/mol

reaction A (s-1 or cmV/mol^s)) Ea (kcal/mol)
1 CH 3  + 0 2  ->  CH30 0  • 6.44E+10 T ° 5 3 0 . 0

- 1 CH30 0  • ->  c h 3  + o 2 3.09E+15 T-°-3 3 e-00207T 30.2
2 CH30 0  • ->  CH 3 O + 0 3.10E+15 58.5
3 CH30 0  • C f^O O H 6.00E+12 42.3

-3 CH2OOH - 4  CH30 0  • 1.60E+18 T-2 '4 9 e+ 00207T 32.0
4 CH2OOH CH20  + OH 5.50E+13 2 . 0

frequencies/degen (from CPFIT): 525 cnrV3.204, 801 cnrV2.752, 1912 cnv!/5.544 
Lennard-Jones parameters: a  = 4.36 A, e/k = 471 K

k, Taken from Cobos et al., J. Phys. Chem., 89, 4332 (1985). 
k., M icroscopic Reversibility (MR) with the temperature range o f 298 K and 1500 K. 
k2  A j from M R with A . 3  = 5.00E+13 for the high-pressure recombination rate 

constant.
k3  A 3 = 6.00E+12 as Benson's for H-transfer, Ea 3  = A H 3 + ring strain (26.0) +

^a b strac tio n  0 3 -® )

k . 3  M R with the temperature range o f 298 K and 2000 K.
k4  A4 from M R with reverse taken as the addition o f OH to CH 3 CHO, Semmes et 

al.; Ea4  = 2.0 from the intrinsic activation energy expected for OH addition.
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C.3 CH2OH + 0 2  <-> [H2 (OH)COO«]* -> Product

i?

H
\

■ O - C - O - H  +  O
J

n

20.5

I F O - C *  +  O ; 37.1

■2.6

H - O - O
22.5

■ 15.321.8
5.0

O - C - O - O - H
- 22.5

c = o  +  HO
C = 0  -  H - O - O '

1.3 - 30.3

1.0
I I - O - C - O - O -32.1

C - O - O - H

- 37.6 H - O

kcal /  mol

C  =  0  +  O H

i i - o - 80.7
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Reaction A (s' 1 or cm3 /(mol*s)) E a (kcal/mol)
1 Cf^OH + 0 2 -»  H2(OH)COO 6.00E+12 0 . 0

- 1 H2(OH)COO -> CHjOH + 0 2 2.93E+16 T-0 -5‘,e-° 00118T 34.4
2 H2(OH)COO -> H2(OH)CO + O 7.55E+14 57.5
3 H2(OH)COO - > h 2c o . . h o o 4.96E+6 T 2 -, 1e'°-00069T 8 . 6

-3 H2CO..HOO« -> H 2(OH)COO» 3.76E+7 T 1 0 1.3
4 h 2c o .  .HOO • -> H2C = 0 + H 0 2 (I) 5.87E+17 T '2 -6 8 e ' 0  00007T 7.2
5 H2(OH)COO -> CH2(OOH)0. 6 .8 6 E + 8  T 1 0 2 1 . 8

-5 CH2(OOH)0« -> H 2(OH)COO* 5.56E+8 T 0 .8 4 e 0.00042T 7.7
6 CH2(0 0 H )O  -> H2C=0 + H 0 2 (II) 1.40E+14 5.0
7 H2(OH)COO* C»H(OOH)OH 5.90E+9 T 1 0 37.1

-7 C»H(OOH)OH -> H2(OH)COO* 4.19E+9 T 0 -8 e0  00064T 31.6
8 C*H(OOH)OH H(OH)C=0 + OH 3.31E+13 1 . 0

9 C»H(OOH)OH -> H(OOH)C=0 + H 3.24E+13 22.5

frequencies/degenercies (from CPFIT): 415 cnr'/6 .178) 1506 cm-’/5.998, 3198 cnr'/2.824 
Lennard-Jones parameters: a  =  4.83 A, e/k = 488 K 

<zLE>dovvn = 800 cal/mol, Bath gas = N 2

k, Aj taken as double o f CC • + 0 2  addition from J. W. Bozzelli and A. M. Dean, J. 
Phys. Chem., 1990.

k.j M icroscopic Reversibility (MR) with the temperature range o f 298 K and 2000 K. 
k2  A 2  from M R with A . 2  = 2.00E+13 based on addition o f O to CH 3

k3  A3  = (10 1 3 -5 5 )(10AS"M-6), A S # = -6.4; Ea3  = A H 3 + 2.0 by transition state
calculation, transition state thermo properties based on Evleth et a l ,  J. Phys.
Chem., 1993.

k . 3 A . 3  = (ekT/h)[exp(A Stf/R)], A S # = -14.4; E a 3  = 2.0 by transition state
calculation, transition state thermo properties based on Evleth et a l ,  J. Phys.
Chem., 1993.

k4  Based on the study o f  CH20  + H 0 2  system in this paper.
k5 A 5  = (ekT /h)[exp(A S#/R)], A S  = - 8 . 6  (loss o f 2 rotors); Eas = A H 5 + ring strain

(4.7) + Eabstraction (3.0), ring strain from J. W. Bozzelli and A. M. Dean, J. Phys. 
Chem., 1990.

k . 5 M R with the temperature range o f 298 K and 2000 K.
k6  Ag from M R with A . 6  = 6.05E+11 and Ea^ = A H . 6  + 5.0, based on addition of 

H 0 2  to C 2 H 4  by Tsang's recommendation, J. Phys. Chem. Ref. Data, 1987. 
k7  A , =  (ekT /h)[exp(A S#/R)](2), A S  = -4.3 (loss o f 1 rotors); Ea 7  = A H 7  + ring 

strain (23) + Eabslraction ( 8 .6 ), ring strain from J. W. Bozzelli and A. M. Dean, J. 
Phys. Chem., 1990. 

k . 7  M R with the temperature range o f  298 K and 2000 K.
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k8 A8 from MR with A.g = 2.7E+12, which is one half of the rate constant for
addition o f OH to C2H4, Atkinson et al., J. Phys. Chem., 1989; Eag from Soto and
Page, Chem. Phys. 1991. 

kg Ag from MR with A.9 = 1.46E+13, which is one half of the rate constant for
addition o f H to C2H4 and Eag = AHg + 2.7, based on NIST fitting.
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C.4 CHzO + H 0 2  <-> [CH2 O...HOO»]* —> Product

Reaction A (s' 1 orcm 3 /(mol*s)) E„ (kcal/mol)
1 H 2 C = 0  + H 0 2  ->  H 2 C O ..H O O 5.00E+10 0 . 0

- 1 h 2 c o . .h o o »  ->  H 2 C = 0  + h o 2 5.87E+17 T -2 .68e -0.00007T 7.2
2 H 2 C O ..H O O  -> H 2 (O H )C O O 3.76E+7 T 1 0 1.3

- 2 H 2 (O H )C O O  - > h 2 c o . . h o o 4.96E+6 T 2 -i1 e'°-00069T 8 . 6

3 H 2 (O H )C O O  CH^OH + 0 2 9.00E+14 34.4
4 H 2 (OH)COO» ^  H 2 (OH)CO» + 0 7.55E+14 57.5
5 H 2 (O H )C O O  ->  CH 2 (OOH )0* 6 .8 6 E + 8  T 1 0 2 1 . 8

-5 CH 2 (OOH )0* ^ H 2 (OH)COO» 5.56E+8 T 0 -8 4 e0  00042T 7.7
6 CH 2 (OOH )0* CH^O + h o 2 1.40E+14 5.0
7 H 2 (OH)COO« C*H(OOH)OH 5.90E+9 T>° 37.1

-7 C»H(OOH)OH ->  H 2 (OH)COO» 4 19E+9 T 0 -8 e0  00064T 31.6
8 C»H(OOH)OH ->  H (O H )C =0 + OH 3.31E+13 1 . 0

9 C»H(OOH)OH H (O O H )C =0 + H 3.24E+13 22.5

frequencies/degenercies (from CPFIT): 188 cnv1/5.857, 1308 cnrV5.714, 2952 cnrV3.430 
Lennard-Jones parameters: a  = 4.83 A, e/k  = 488 K 

<AE>dovm = 800 cal/mol, Bath gas = N 2

kj This study, estimated from the reaction o f CH 2 0 + H 0 2  = CQ • H 2 OH, Veyret el 
al., J. Phys. Chem., 1989. 

k.j Microscopic Reversibility (MR) with the temperature range o f 298 K and 2000 K. 
k2  A 2  = (ekT/h)[exp(AS"/R)], A S " = -14.4; Ea2  = 2 . 0  by transition state 

calculation, transition state thermo properties based on Evleth el a l,  J. Phys. 
Chem., 1993.

k . 2  M R with the temperature range o f 298 K and 2000 K.
k3  A3  from MR with A . 3  taken as double o f C C -+ 0 2  addition from J. W. Bozzelli 

and A. M. Dean, J. Phys. Chem., 1990. 
k4  A4  from M R with A^ = 2.00E+13 based on addition o f O to CH3. 
k 5  Aj = (ekT/h)[exp(AS"/R)], A S  = - 8 . 6  (loss o f 2  rotors); Ea 5 = A H 5 + ring strain

(4.7) + E ^ j^ jo n  (3.0), ring strain from J. W. Bozzelli and A. M. Dean, J. Phys. 
Chem., 1990.

k j M R with the temperature range o f 298 K and 2000 K.
k6  Ag from M R with A^ = 6.05E+11 and Ea . 6  = A H 4  + 5.0, based on addition o f 

H 0 2  to C2 H 4  by Tsang's recommendation, J. Phys. Chem. Ref. Data, 1987.
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k , A 7  = (ekT /h)[exp(A S#/R)](2), A S  = -4.3 (loss o f  1 rotors); E a, = A H , + ring 
strain (23) +  E abstraction ( 8 .6 ), ring strain from J. W. Bozzelli and A. M. Dean, J. 
Phys. Chem., 1990. 

k ,  M R with the temperature range o f 298 K and 2000 K.
k 8  Ag from M R with A.g = 2.7E+12, which is one half o f  the rate constant for 

addition o f  OH to C 2H 4, Atkinson et a l ,  J. Phys. Chem., 1989; Ea 8  from Soto and 
Page, Chem. Phys. 1991. 

kg Ag from M R with A _9  = 1.46E+13, which is one half o f  the rate constant for 
addition o f  H  to  C 2 H 4  and E a , = A H , + 2.7, based on NIST fitting.
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C.5 CH2OH + H 0 2  <H> [CQH2 OH]* -> Product

reation A (s -1 or cm3 /(moI*s)) Ea (kcal/mol)
1 CH2OH + H 0 2  ->  CQHjOH 2.20E+13 0 . 0

- 1 CQH2OH ->  CHjOH + H 0 2 3.56E+16 76.1
2 CQH2OH ->  CHjOHO • + OH 2.54E+15 45.7
3 CQ H ,O H  ->  CQ ■ H ,O H  + H 3.91E+13 8 8 . 2

frequencies (from CPFIT): 1693.6 cm - 1 

Lennard-Jones parameters: a  = 4.49 A, elk  = 217.1 K

k, A, taken as the average o f C • and CCC • + H 0 2  addition from Tsang 8 6 '. 
k ,  M R
k 2  A 2  from M R with A . 2  = 2.41E+13, which is the rate constant for addition o f H 0 2 

to CCC •, Tsang 8 8 ', Ea2  = A H 2  

k3  A-j from M R with A . 3  = 4.0E+13, based on H addition to C 2 H 5, NIST, and Ea3 = 
A H 3.
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C . 6  CH20  —> Product

reaction A (s'* or cm-V(mol*s)) Ea (kcal/mol)

1 CH2OH CH20  + H 2.63E+13 33.480

frequencies (from CPFIT): 1414.5 cm 'l 
Lennard-Jones parameters: a  = 4.27 A, e/k  =  454.0 K

k j A] from M R with A_j as 1/2 o f  H  addition to  C=C and E aj = A H  + 2.5 
kcal/mol, Dean's suggestion for high pressure limit
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C.7 CHjO + CH3  <-» [CH3 OCH3]* —> Product

CH30CH2 + H 54.1

CH2S + CH30H 53.5

CH30 + CH3 CH30CH3*

39.1

kcal/mol

Reaction A (s-1 or cm3 /(mol*s)) Ea (kcal/mol)
1 CH30  + CH 3  -4  CH 3 OCH 3 1.21E+13 0 . 0

- 1 c h 3 o c h 3  c h 3o  +  c h 3 1.05E+17T-0I9e-000I44T 82.5
2 CH 3 OCH 3  ->  CHjO CH j + H 2.04E+15 97.5
3 CH 3 OCH 3 ^  'C H , + CH3OH 2 .1 1E+16 97.3

frequencies/degen (from CPFIT): 622 cm’l/7.659, 1789 cm’'/9.169, 3598 c n rJ/4.172 
Lennard-Jones parameters: a  = 4.31 A, elk = 395 K

k, from Tsang et al., J. Phys. Chem., 15, 1087 (1986).
k.j M icroscopic Reversibility (MR) with the temperature range o f 298 K and 2000 K.
k2  based on k . 2  = 6.40E+13.
k3  based on A . 3  = (1.00E+14)*l/4 and Ea . 3  = 1.0 kcal/mol.
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C . 8  CH20  + CH3  <-> [CH3 OCH2]* ->  Product

CH20 + CH3

9.1
Ea = 6.6

CH3QCH2

kcal/mol

2.0

Reaction A (s -1 or cm3 /(mol*s)) Ea (kcal/mol)
1 CH20  + CH 3  CH 3 OCH 2 5.19E+11 6 . 6

-1 C H ,O C H , ->  C H ,0  + CH, 8.69E+17 T -i-4 % ° -00164T 1 3 . 7

frequencies/degen (from CPFIT): 631 cnrV7.878, 1899 cm'1 H .57)0, 3593 crrr1/2.592 
Lennard-Jones parameters: a  = 4.31 A, elk = 395 K

k, based on CH3  + CO addition from Anastasi et al., J. Chem. Soc. Faraday Trans. 
1, 878, 2423 (1982).

k , M icroscopic Reversibility (MR) with the temperature range o f  298 K and 2000 K.
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C.9 CH2OH + CH30  o  [CH3OCH2OH]* -»  Product

CH30CH20. + H 17.4
CH3QC.H2 + OH H-5
CH30C.H0H + H 8.6

CH20H + CH30 CH30CH20H#

-86.4

kcal/mol

Reaction A (s_1 or cm 3 /(mol*s)) Ea (kcal/mol)
1 CH2OH + CH30  -> CH 3 0C H 20H 1.21E+13 0 . 0

- 1 CH 3 0 CH 2 0 H  -»  c h 2o h  + c h 3o 6.01E+17 T-0 -6 6 e ' 0  00077T 87.8
2 CH 3 OCH2OH ->  CH3OC • H(OH) + H 5.70E+14 90.6
3 CH 3 OCH2OH c h 3o c  • h 2  + o h 4.84E+15 92.8
4 c h 3 o c h 2o h  ^  CH3OCO • + H 5.34E+14 100.5

frequencies/degen (from CPFIT): 489 cnv’/8.260, 1626 cnv'/10.330, 3600 cnr'/5 .410 
Lennard-Jones parameters: a  = 4.90 A, e/k = 415 K

kj from CH 3  +  CH 3 0 ,  Tsang et al., J. Phys. Chem., 15, 1087 (1986).
k.j M icroscopic Reversibility (MR) with the temperature range o f  298 K and 2000 K.
kj based on k _2  = 1.00E+14.
k3  based on k . 3  = 2 .1 1E+13 from NIST fitting for CH 3 + OH. 
k4  based on k^, = 2.00E+14.
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CIO CH3O + CH20  <-> [CH30C H 20  • ]* -> Product

CH30C.H2 + O 
61.6

CH30. + CH20 r  ‘ 
•22.0

Ea = 6.6

CH30CH20.

Ea -  18.6

-34.5 C.H20CH20H
-41.0

C.H20H + CH20
-28.6

Ea = 20.4

kcal/m ol

Reaction___________________ A (s-1 or cm 3 /(mol*s)) Ea (kcal/mol)
1 c h 3o  + c h 2o  ->  c h 3 o c h 2o  ■ 5.19E+11 6 . 6

- 1 c h 3 o c h 2o  • ->  c h 3o  + c h 2o 1.35E+24 T-2-86e- °0002T 15.7
2 CH 3 0 C H 20  ■ CH3OC • + 0 4.83E+15 96.0
3 CH 3 0C H 20  • C • HjOCHjOH 2.08E+9 T10 15.9

-3 C • HsOCHjOH ->  CH 3 0C H 20  • 2 .74E+11 T-Q1 4 e+ 0008T 22.5
4 C • H ,O CH ,O H  ->  CHjOH + CH20 4 .3 1E+12 19.8

frequencies/degen (from CPFIT): 558 cm '1/7.863, 1731 c n r 1/9.557, 3599 cnr'/3 .580  
Lennard-Jones parameters: a  = 4.61 A, e/k = 415 K

k, based on CH 3  + CO addition from Anastasi et al., J. Chem. Soc. Faraday Trans. 
I ,  878, 2423 (1982).

k., Microscopic Reversibility (MR) with the temperature range o f 298 K and 2000 K. 
k 2  M R from k. 2  = 7.00E+13 taken as CH 3  + O, Dean, 1987.
k3  A3  = (ekT/h)[exp(AS*/R)](3) = ( 1 0 l0 -7 1 T )( 1 0 As«/4 .6 )(3)) a s « = _8 .6 (loss o f 2 

rotors); Ea3  = ring strain (5.9) + Eabstraelion (10). 
k . 3 M R with the tem perature range o f 298 K and 2000 K.
k 4  MR, A^ = 1.06E+11 taken as one half o f CH 3  addition to C 2 H 4 and Ea . 4  = 7.4 

from Baulch et.al., 1992.
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C.11 COC- + CHzO <-» [COCOC-]* -»  Product

COC. + CH20
•24.0

Ea = 7.4

COCOC.
-36.4

kcal/m ol

________________ Reaction___________________ A (s-1 or cm3 /(mol*s)) Ea (kcal/mol)
1 COC • + C t^ O  -»  COCOC • 1.06E+11 7.4

-1 COCOC • ->  COC • + CH?Q___________ 1.91E+20 T -2  78 e-°00002T___________ 19.1

frequencies/degen (from CPFIT): 631 cnvV7.878, 1899 cm->/7.530, 3593 cnvV2.592 
Lennard-Jones parameters: a  = 4.31 A, elk  = 395 K

kj A, taken as one half o f  CH3  addition to C 2 H 4  and Ea, = 7.4 from Baulch et.al., 
1992.

k., M icroscopic Reversibility (MR) with the temperature range o f 298 K and 2000 K.
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C.12 COCO ■ + CH3 ->  <-> [COCOC]* -> Product

COCOC. + H 15.8

13.2COC.OC + H
COC. + CH30 6.0

COCO. + CH3 COCOC #
0.7

•81.8

kcal/mol

Reaction A (s ' 1 or cm3 /(mol*s)) Ea (kcal/mol)
1 COCO • + c h 3  COCOC 1.21E+13 0 . 0

- 1 COCOC coco • + c h 3 5.81E+15 82.5
2 COCOC -»  COC • + c h 3o 5.65E+15 87.8
3 COCOC -> COC • OC + H 3.06E+15 94.4
4 COCOC ->  COCOC • + H 2.00E+16 97.6

frequencies/degen (from CPFIT): 566 cm-'/14.05, 1802 cm-V13.09, 3598 cm'*/5.86 
Lennard-Jones parameters: a  =  5.28 A, e/k = 379 K

k. Taken as for CH30  + CH 3  ->  COC from Tsang et al., J. Phys. Chem., 15, 1087 
(1986).

k., M icroscopic Reversibility (MR) with the temperature range o f  298 K and 2000 K.
k 2  M R with k 2  = 1.21E+13 as CH30  + CH 3  -»  COC from Tsang et al., J. Phys.

Chem., 15, 1087(1986). 
k3  based on k . 3  =  1.00E+14.
k4  based on k^, = 6.40E+13.
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C.13 COC- + CH30  -> o  [COCOC]* -»  Product

COCOC. + H 15.B
COC.OC + H 13.2

COC. + CH3Q
8.0 COCO. + CH3 0.7COCOC #

-81.8

kcal/mol

Reaction A (s ' 1 or cm 3 /(mol*s)) Ea (kcal/mol)
1 COC • + CH 3 O COCOC 1.21E+13 0 . 0

- 1 COCOC COC • + CH30 5.65E+15 87.8
2 COCOC ->  coco • + c h 3 5.81E+15 82.5
3 COCOC COC • OC + H 3.06E+15 94.4
4 COCOC COCOC • + H 2.00E+16 97.6

frequencies/degen (from CPFIT): 566 cm-‘/14.05, 1802 cm-V13.09, 3598 cnr'/5 .86 
Lennard-Jones parameters: a = 5.28 A, e/k = 379 K

kj Taken as CH30  + CH 3  ->  COC from Tsang et al., J. Phys. Chem., 15, 1087 
(1986).

k_! M icroscopic Reversibility (MR) with the temperature range o f 298 K and 2000 K. 
k 2  M R with k 2  = 1.21E+13 as CH30  + CH 3  —> COC from Tsang et al., J. Phys.

Chem., 15, 1087(1986). 
k 3  based on k. 3  = 1.00E+14. 
k4  based on k^ = 6.40E+13.
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APPENDIX D

FORTRAN PROGRAMS

D .l THERMCAL

c
PROGRAM THERMCAL

thermodynamic properties of species 
IMPLICIT NONE

include 'thm_par.fi' 
include 'thm_cfg.fi'
CHARACTER comment(Max_Group)*70,

2 specy_name*80, specy_formula*40,
3 specy_group*80,
4 specy_element(Max_Element)*4,
5 specy_comment*70, specy_phase, line*200, K E Y (5)*3,
6 S U B (20)*100, UPCASE*4, str*100, qty*100
INTEGER specy_group_qty, specy_symmetry(specy_len,

1 specy_element_qty(Max_Element),Nloop,ILASCH,
2 ILEN, IPPLEN, NSUB, NKEY, Isymmetry(5), NVAL, Ierr,
3 I, Istr, Igroup, Ifirch, Islash, Iqty(5), Ifound, M,
4 Irotor

INTEGER*2 year,month,day

REAL*8 specy_Hf, specy_S, specy_Cp300, specy_Cp400, specy_Cp500,
1 specy_Cp600, specy_Cp800, specy_Cpl000, specy_Cpl500,
2 specy_rotor, rotor(5)

LOGICAL therm, nasa, init_err, io_err, ErrCpl500, elem_err 

DATA KEY/'R E F ','XXX','XXX','END','!'/
Initialize variables

CALL THERM_IO(io_err) 
if (io_err) GO TO 6000 
CALL THERM_INIT(init_err) 
if (init_err) GO TO 6000 
CALL GETDAT(year,month, day) 
year = year - 1900 
write(LOG,10)month,day, year 

10 format!' Thermcal log file, date : ',12, ' / 1,12,'/1,12)

C
Call Initialization subroutines, 02/95 ING

c
c
c
c

CALL TITLE
DO 10 M = 1, max_element 

specy_element(M) = ' ' 
specy_element_qty(M) = 0 

10 continue

242
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c
w rite(1st,*)'THERMO' 
write(1st,50)

50 format(' SPECIES Hf S Cp 300 400 500 60
10 800 1000 1500 DATE ELEMENTS')

C CALL GET_GROUPS
C

READ (INP,'(A)',END=5000) LINE 
100 CONTINUE 

LINE = ' '
READ (INP,'(A)',END=5000) LINE 

105 CONTINUE
ILEN = IPPLEN(LINE)
IF (ILEN .EQ. 0) GO TO 100

C
CALL CKISUB (LINE(:ILEN), SUB, NSUB)

C
C IS THERE A  KEYWORD?
C

CALL CKCOMP ( UPCASE(SUB(1), 1) , KEY, 5, NKEY)
IF (NKEY.EQ.5) GO TO 100
CALL CKCOMP ( UPCASE(SUB(1), 3)  , KEY, 4, NKEY)
IF (NKEY.EQ.4) GO TO 5000 

C WRITE(*,*)UPCASE(S U B (1),3),KEY(1),NKEY
C IF (NKEY .GT. 0) ITASK = 0
C

IF (NKEY.EQ.1) THEN
READ (INP,'(A)',END=5000) LINE 
ILEN = IPPLEN(LINE)
WRITE(LST,120)LINE(2:ILEN)

120 FORMAT(IX,A)
C WRITE(LST,*)LINE
C

ELSE
C write(*,*)' group (1-3) = ',group(1),’ ',group(2),' 1,group(3)

specy_name = SUB(l) 
specy_formula = S U B (2)

C
specy_len = IPPLEN(specy_formula)
DO 150 M = 1, max_element 

specy_element(M) = ' 1 
specy_element_qty(M) = 0 

150 continue 
c WRITE(*,*)specy_len,specy_formula(:specy_len)

call find_elem(specy_formula,specy_len,specy_element,
1 specy_element_qty, element, element_qty,
2 elem_err, LOG)

IF (elem_err) THEN
lien = IPPLEN(specy_name) 
write(LOG,160)specy_name(:lien)

160 format(lx, 1 for specy " 1,A,' "')
write(*,170)specy_name(:lien)

170 format(lx,' specy " 1,A,1" ERROR !!!1)
READ (INP, ' (A) 1,END=5000) LINE 
GO TO 100 

ENDIF
C

call IPPARI (SUB(3), -1, 1, Isymmetry, nval, Ierr, LOG) 
IF (Ierr.NE. 0) THEN

lien = IPPLEN(specy_name)
WRITE(LOG,310)specy_name(:lien)

310 FORMAT(' ,A,'" input symmetry ERROR !!!')
WRITE(*, 320)specy_name(:lien)

320 FORMAT(' "', A , i n p u t  symmetry ERROR !!!')
READ (INP,'(A)',END=5000) LINE 
GO TO 6000
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ENDIF
specy_symmetry = Isymmetry(l)
call IPPARR (SUB(4), -1, 1, rotor, nval, Ierr, LOG)
IF (Ierr.NE. 0) THEN

lien = IPPLEN(specy_name)
WRITE(LOG,330)specy_name(:lien)

330 FORMAT(' '",A, input rotor ERROR !!!')
WRITE(*,340)specy_name(:lien)

340 FORMAT(' n,,A, '" input rotor ERROR !!!')
READ (INP, ' (A)',END=5000) LINE 
GO TO 6000 

ENDIF
specy_rotor = rotor(1)

400 CONTINUE
READ (INP,•(A)',END=5000) LINE 
ILEN = IPPLEN(LINE)
IF (ILEN .EQ. 0) GO TO 400 
CALL CKISUB (LINE(:ILEN) , SUB, NSUB)
specy_Hf 
specy_S 
specy_Cp300 
specy_Cp400 
specy_Cp500 
specy_Cp600 
specy_Cp800 
specy_Cpl000 
specy_Cpl500
Nloop = INT(NSUB/2.0)
IF (MOD(NSUB,2) .NE. 0) THEN 

WRITE(*,410)specy_name 
410 FORMAT(1 Unbalanced groups and quantities for specy : 1,A)

WRITE(LOG,420)specy_name 
420 FORMAT(' Unbalanced groups and quantities for specy : ',A)

GO TO 100 
ENDIF
ErrCpl500 = .FALSE.
DO 500 1 = 1 ,  Nloop 

str = S U B (I)
Istr = LEN(str)
Igroup = IFIRCH(STR)
Islash = INDEX(str,'*') 
specy_group = str(Igroup:Islash-1) 
qty = str(Islash+1:Istr) 

str = S U B (1*2-1)
Istr = LEN(str)
Igroup = IFIRCH(STR)
Islash = INDEX(str,' ') 
if (Islash.eq.0) Islash = Istr 
specy_group = str(Igroup:Islash-1) 
qty = S U B (1*2)
call IPPARI (qty, -1, 1, Iqty, nval, Ierr, LOG) 
specy_group_qty = Iqty(l)
IF (Ierr .NE. 0) THEN

WRITE(LOG,421)specy_formula(:specy_len) , 
1 str(Igroup:Islash-1)

421 FORMAT(' formula ,",A, group
1 A , 1" quantity ERROR !!!')

WRITE(*,422)specy_formula(:specy_len),
1 str(Igroup:Islash-1)

422 FORMAT(1 formula " ' , A , g r o u p
1 A , '" quantity ERROR !!!1)

GO TO 100
ENDIF
CALL CKCOMP (specy_group, group, group_total, Ifound)

=  0.0 
=  0.0 
=  0.0 
=  0.0 
=  0.0 
=  0.0 
=  0.0 
=  0.0 
=  0.0
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430
440

500

600

write(*,*)specy_group,group_total 
write(*, *)group(1),group(ISO),group ( 3 5 0 )

IF (Ifound.EQ. 0) THEN
ILEN = ILASCH(specy_group)
WRITE(*,430)specy_group(:ILEN) , specy__name 
FORMAT(* Group ’" , A , n o t  found for specy "',A,'"') 
WRITE(LOG, 440)specy_group(:ILEN) , specy_name 
FORMAT(1 Group "',A, not found for specy " 1,A, 1" 1) 
GO TO 100 

ENDIF
write(*,*)' specy_group = ',specy_group 
write(*,*)'group_total = ',group_total 
write(*,*)'Ifound = ',Ifound

specy_Hf + group_Hf(Ifound)
specy_group_qty

specy_Hf 

specy_S 

specy_Cp300 
specy_Cp400 

specy_Cp500 
specy_Cp600 
specy_Cp800

specy_S + group_S(If ound)
* specy_group_qty 

specy_Cp300 + group_Cp300(Ifound)
* specy_group_qty 

specy_Cp400 + group_Cp40 0 (Ifound)
* specy_group_qty 

specy_Cp500 + group_Cp500(Ifound)
* specy_group_qty 

specy_Cp600 + group_Cp600(Ifound)
* specy_group_qty 

specy_Cp800 + group_Cp800(Ifound)
* specy_group_qty 

specy_CplOOO = specy_Cpl000 + group_Cpl000(Ifound)
* specy_group_qty 

specy_Cpl500 = specy_Cpl500 + group_Cpl500(Ifound)
* specy_group_qty 

IF (group_Cpl500(Ifound).EQ.0.0) ErrCpl500 = .true.
write(1st, *)specy_group, 1 ',group_Cpl500 (Ifound),

' 1,specy_group_qty
CONTINUE
IF (ErrCpl500) specy_Cpl500 = 0.0
specy_S ■= specy_S - 1.98717 * A L O G (specy_symmetry*1.0)
Irotor = INT(specy_rotor)
write(LST,600)specy_name,specy_Hf,specy_S,specy_Cp300, 

specy_Cp400,specy_Cp500,specy_Cp600, 
specy_Cp800,specy_Cpl000, specy_Cpl500, 
month,day,year,
specy_element(1),specy_element_qty(1), 
specy_element(2),specy_element_qty(2), 
specy_element(3) , specy_element_qty(3), 
specy_element(4),specy_element_qty(4),
Irotor

formate \A9,F8.2,' ’, F8 . 2, ' ' , 7f 8 . 2, lx, 12, ' / ' , 12, ' / ' , 12, 
2x,1ThmCal',2x,4(A2,I3,lx), 'G * ,12)

ENDIF

go to 100
5000 w r i t e (*,*)1...End of calculations...' 

c WRITE(LST,5100)
c 5100 FORMAT('END') 

write(*,*)' '
write (*,*)' List file created as : ',File_lst
write(*,*)' '
go to 7000

6000 write(*,*)*...error in input file...',File_inp
7000 continue

close (log) 
close (1st) 
close (inp) 
end
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SUBROUTINE therm_init(init_err) 
implicit none 
include 'thm_par.fi' 
include 'thm_cfg.fi'

C local declaration
character line*100, sub(20)*100, key(4)*5, UPCASE*4, KEY_WD*4,

1 group_n*20
integer cfg, ilen, nsub, nkey, nfile, nelem, nhelp, nkeys,

1 Ifile(5), Ielem(5), Ihelp(5), Ikeys(5), nval, Igroup(5),
2 Istart, Istr, Ierr, group_idx, IPPLEN, I, J, ngroup,
3 Ifirch, Icoma, Ierr2, Ierr3 
real*8 Igp(9)
logical init_err, BD
data cfg/35/, key/'FILE','ELEM', 'HELP','KEYS'/

c
OPEN(cfg,FILE='therm.cfg',STATUS='OLD’, ERR=30)
GO TO 50 

30 CONTINUE
WRITE (*,40)

40 FORMAT(' Configuration file THERM.CFG is not in the working direct 
+ory !! ! ' ) 
init_err = .true, 
return 

50 CONTINUE
init_err = .false.

100 CONTINUE 
LINE = ' '
READ (CFG,'(A)',END=5000) LINE 

105 CONTINUE
ILEN = IPPLEN(LINE)
IF (ILEN .EQ. 0) GO TO 100
CALL CKISUB (LINE(:ILEN), SUB, NSUB)
KEY_WD = S U B (1)(2:5)
CALL CKCOMP ( UPCASE(KEY_WD, 4) , KEY, 4, NKEY)

C write(*,*)' key = ',key_wd,' nkey = ',nkey
C IF (NKEY .GT. 0) ITASK = 0
C

IF (NKEY.EQ.1) THEN
call IPPARI (SUB(2), -1, 1, Ifile, nval, Ierr, LOG)

C write(*,*)'..group files = ’,Ifile(l), ' Ierr = ',Ierr
IF (Ierr.NE. 0) GO TO 6000 
nfile = Ifile (1) 
group_total = 0 
do 300 1 = 1 ,  nfile

READ (CFG, ' (A) ',END=5000) LINE 
ILEN = IPPLEN(LINE)
IF (ILEN .EQ. 0) GO TO 100
CALL CKISUB (LINE(:ILEN), SUB, NSUB)
BD = .false.

C ADDED FOR RADICAL CORRECTION
IF (UPCASE(SUB(1),2).EQ.'BD') BD=.TRUE.
OPEN(100+1,FILE=SUb(1),STATUS='OLD',ERR=130)

C READ (100+1, ' (A) \END=5000) LINE
Ierr2 = 0 
Ierr3 = 0 

110 continue
READ (100+1, ' (A) ',END=5000) LINE 
ILEN = IPPLEN(LINE)
IF (ILEN .EQ. 0) GO TO 6000
CALL CKISUB (LINE(:ILEN), SUB, NSUB)
Istr = IPPLEN(sub(1))
Istart = IFIRCH(sub(1))
Icoma = INDEX(sub(1),',')
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IF (Icoma.EQ.O) THEN
group_n “ line(Istart:Istr)

ELSE
group_n = line (Istart-.Icoma-l)

ENDIF
call IPPARI (group_n, -1, 1, Igroup, nval, Ierr, LOG)
IF (Ierr.NE.O.AND.IERR2.NE.O.AND.IERR3.NE.O) THEN 

GO TO 6000 
ELSEIF (Ierr.NE.O.AND.IERR2.NE.O) THEN 

Ierr3 >= 1 
GO TO 110 

ELSEIF (Ierr.NE.O) THEN 
Ierr2 = 1 
GO TO 110 

ENDIF
ngroup «■ Igroup (1) 
group_idx = group_total + 1 
write (*,*)' group(',group_total,') = group(group_total) 

group_total = ngroup + group_total
write(*,*)' group_total = 1,group_total

DO 120 J = 1, ngroup
READ (100+1,' (A)' ,END=6000) LINE 
ILEN = IPPLEN(LINE)
IF (ILEN .EQ. 0) GO TO 6000
CALL CKISUB (LINE(:ILEN), SUB, NSUB)
Istr = IPPLEN(sub(1))
Istart = IFIRCH(sub(1))
I coma ■= INDEX (sub (1) , 1 ,') 
write(*,*) 'group_idx=' , group_idx, 1 Istart=',Istart 

1 Icoma=',Icoma,' J = ',J
IF (Icoma.EQ.O) THEN

group(group_idx) = line(Istart:Istr)
ELSE

group(group_idx) = line(Istart:Icoma-1)
ENDIF

call IPPARR (line(Istr+2:79), -1, 11, Igp, nval,
1 Ierr, LOG)
CORRECT THE RADICAL OF LOSING ONE H ATOM FOR BD GROUPS 

IF (BD) THEN
group_Hf(group_idx) = Igp(1)-52.1

ELSE
group_Hf(group_idx) = Igp(l)

ENDIF
group_S(group_idx) = Igp(2) 
group_Cp300(group_idx) = I g p (3) 
group_Cp400(group_idx) = Igp(4) 
group_Cp500(group_idx) = I g p (5) 
group_Cp600(group_idx) = Igp(6) 
group_Cp800(group_idx) = Igp(7) 
group_Cpl000(group_idx) = I g p (8)
IF (nval.NE. 8) group_Cpl500 (group_idx) = Igp (9) 
write(1st,*)group(group_idx),nval 

group_idx *■ group_idx + 1 
120 continue

GO TO 200 
130 CONTINUE

W RITE(*,140)sub(1)
140 FORMAT(' Can't find group file : ',A20)

init_err = .true, 
return 

200 CLOSE(100+1)
300 continue 

go to 100 
ELSEIF (NKEY.EQ.2) THEN

call IPPARI (SUB(2), -1, 1, Ielem, nval, Ierr, LOG)
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IF (Ierr.NE. 0) GO TO 6000 
element_qty = Ielem(l) 

c write(*,*)' elera_qty = ',element_qty
c group_total = 0

do 500 I «■ 1, element_qty 
4 00 continue

READ (CFG,’ (A) ’,END=5000) LINE 
ILEN « IPPLEN(LINE)
IF (ILEN .EQ. 0) GO TO 100
CALL CKISUB (LINE(:ILEN), SUB, NSUB)
ILEN = IPPLEN(SUB(1)) 
element(I) = UPCASE(SUB(1),ILEN) 

c write(*,*)' I = ’,1,' element = 1, element(I)
500 continue

go to 100 
ELSEIF (NKEY.EQ.3) THEN 

600 continue
go to 5000 

ELSEIF (NKEY.EQ.4) THEN 
700 continue

go to 5000
ELSE

W RITE(*,*)'Errors in configuration file THERM.CFG !!!' 
init_err *» .true.

ENDIF 
5000 continue

go to 7000
6000 WRITE(*,*)'Errors in configuration file THERM.CFG !!!'

init_err = .true.
7000 continue

close (cfg)
return
end

Cc c
SUBROUTINE find_elem(specy_formula,specy_len,specy_element,
1 specy_element_qty,element,element_qty,
2 elem_err,LOG)
IMPLICIT NONE

C
CHARACTER*(*) specy_formula, specy_element(*), element(*)

C
CHARACTER numeric(10), char(26), elem_chl, elem_ch2,qty_ch*3,
1 paren(2), UPCASE*4

C
INTEGER specy_element_qty(*) , LOG, I, J, K, Ifirch, Islash,

1 lien, NKEY, specy_len, Index2, sym(40),
2 qty(2), Ierr, element_qty, IPPLEN, specy_n(20),
3 specy_n_temp(20), nval, M

c
LOGICAL elem_err, paren_left, paren_right

c
DATA paren/'(',')'/,

4 sym/40*0/
C

elem_err = .false.
Ilen = IPPLEN(specy_formula)
IF (Ilen.EQ.0) THEN 

elem_err = .true.
write(LOG,*)' ...ERROR... specy formula did not specify.'
return 

ENDIF
C
C

DO 30 I = 1, 20
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specy_n(I) « 0 
specy_n_temp(I) ■= 0 

30 CONTINUE
DO 100 I «* 1, specy_len

K = ICHAR(specy_formula(I:I)) 
paren_left «= .false. 
paren_right ■= .false.
IF (K.GE.48.AND. K.LE.57) THEN 

sym(I) “ 2 
ELSEIF (K.GE.65 .AND. K.LE.90) THEN 

sym(I) *= 1 
ELSEIF (K.GE.97.AND. K.LE.122) THEN 

sym(I) = 1
specy_formula(1:1) = UPCASE(specy_formula(I:I),1)

ELSEIF (K.EQ.40.) THEN 
sym(I) = 3 

ELSEIF (K.EQ.41) THEN 
sym(I) = 4

ELSE
elem_err = .true.
write(LOG,50)specy_formula(:Ilen),specy_formula(1:1)

50 format(lx, 1 specy formula "',A,'" contains unknown',
1 ' character "',A,'"')

return 
ENDIF 

100 CONTINUE 
Index2 = 1 

c write(*,*)' sym = ',sym
200 CONTINUE

c write(*,*)' Index2 = ',Index2,' sym = ',sym(Index2), 1 Ilen = ',
c 1 Ilen,' ',specy_len,' 1,specy_formula
c write(*,*)sym(I)

IF (sym(Index2).EQ.l) THEN 
IF (paren_left) THEN

CALL sub_elem(Index2,specy_formula, specy_n_temp,sym,
1 specy_len,element, element_qty, elem_err,LOG)

GO TO 300
ELSE

CALL sub_elem(Index2,specy_formula,specy_n,sym,
1 specy_len,element,element_qty,elem_err,LOG)

GO TO 300 
ENDIF

ELSEIF (sym(Index2).EQ.3) THEN 
paren_left = .true.
Index2 = Index2 + 1 
GO TO 300 

ELSEIF (sym(Index2) .EQ.4) THEN 
IF (paren_left) THEN

Index2 = Index2 + 1 
qty(l) = 1
IF (sym(Index2).EQ.2) THEN

IF (sym(Index2+l).EQ.2) THEN 
qty_ch = ' '
qty_ch = specy_formula(Index2:Index2+1)
CALL IPPARI(qty_ch, -1, 1, qty, nval, Ierr, LOG) 
Index2 = Index2 + 2

ELSE
qty_ch «= ' '
qty_ch = specy_formula(Index2:Index2)
CALL IPPARI(qty_ch, -1, 1, qty, nval, Ierr, LOG) 
Index2 = Index2 + 1 

ENDIF 
ENDIF
DO 220 J = 1, element_qty

specy_n(J) = specy_n(J) + qty(1)*specy_n_temp(J)
220 CONTINUE
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ELSE
elem_err = .true.
write(LOG,240)specy_formula(:Ilen)

240 format(lx,' specy formula "',A , '" ... error ...')
return 

ENDIF
ELSE

elem_err = .true.
write(LOG,260)specy_formula(: Ilen)

260 format(lx,1 specy formula ,M, A , ... error ...')
return 

ENDIF 
300 CONTINUE 

c IF (Index2.GT.Ilen) return
IF (Index2.LE.Ilen) GO TO 200 
K = 0
DO 400 J = 1, element_qty

IF (specy_n(J).GT.0) K = K + 1 
4 00 CONTINUE

IF (K.GT.4) THEN
elem_err = .true.
write(LOG,500)specy_formula(:Ilen)

500 format(lx,1 specy formula '",A, more than 4 elements')
ENDIF
IF (specy_n(l).NE.O) THEN 

M = 1
DO 600 J = 1, element_qty

IF (specy_n(J).NE.O) THEN
specy_element(M) = element(J) 
specy_element_qty(M) = specy_n(J)
M = M + 1 

ENDIF 
600 CONTINUE

ELSEIF (specy_n(2).NE.0.AND.K.LT.3) THEN 
M = 3
specy_element(1) = element(1) 
specy_element_qty(1) = 0 
specy_element(2) = element(2) 
specy_element_qty(2) = 0 
DO 700 J = 3, element_qty

IF (specy_n(J).NE.O) THEN
specy_element(M) = element(J) 
specy_element_qty(M) = specy_n(J)
M = M + 1 

ENDIF 
700 CONTINUE

ELSEIF (specy_n(2).N E .0.AND.K.LT.4) THEN 
M = 2
specy_element(1) = element(2) 
specy_element_qty (1) «= 0 
DO 800 J = 2, element_qty

IF (specy_n(J).NE.0) THEN
specy_element(M) = element(J) 
specy_element_qty(M) = specy_n(J)
M = M + 1 

ENDIF 
800 CONTINUE

ELSE
M = 1
DO 900 J = 1, element_qty

IF (specy_n(J).NE.0) THEN
specy_element(M) = element(J) 
specy_element_qty(M) = specy_n(J)
M = M + 1 

ENDIF 
900 CONTINUE
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ENDIF
C

return
end

SUBROUTINE sub_elem(Index2,specy_formula,specy_n,sym,
1 specy_len,element,element_qty,elem_err,LOG)
IMPLICIT NONE

C
CHARACTER*(*) specy_formula, element!*)

C
CHARACTER elem_ch, elem_ch2*2, qty_ch*3

C
INTEGER LOG, I, J, K, Ifirch, Islash,

1 Ilen, NKEY, specy_len, Index2, sym(40),
2 qty(2), Ierr, M, element_qty, specy_n(*), elem_found,
3 nval

C
LOGICAL elem_err, paren_left, paren_right

C
elem_found = 0 
IF (sym(lndex2).NE.1) THEN 

elem_err *= .true.
write(LOG,100)specy_formula(:Ilen)

100 format(lx,1 specy formula " ' , A , ... error ...')
return 

ENDIF
elem_ch ■= specy_formula(Index2:Index2)
CALL CKCOMP ( elem_ch, element, element_qty, NKEY) 

c write(*,*)elem_ch,element_qty,NKEY
c do 150 i = 1, element_qty
c write(*,*)element(i)
c 150 continue

IF (NKEY.EQ.O) THEN 
elem_err = .true.
write(LOG,200)specy_formula(:Ilen)

200 format(lx,1 specy formula " ' , A , ... error ...')
return 

ENDIF
elem_found = NKEY 
q t y (1) = 1
IF (Index2+l.GT.specy_len) THEN

specy__n (elem_f ound) = specy_n(elem_found) + qty(l)
Index2 = Index2 + 1 
return 

ENDIF
IF (sym(Index2+l).EQ.3.0R.sym(Index2+l).EQ.4) THEN 

specy_n(elem_found) = specy_n(elem_found) + 1 
Index2 = Index2 + 1 
return

ELSEIF (sym(Index2+l).EQ.2) THEN 
M = 1 

300 CONTINUE
IF ((Index2+M+1).LE.specy_len.AND.sym(Index2+M+1).EQ.2) THEN 

M = M + 1 
GO TO 300 

ENDIF
qty_ch = 1 '
qty_ch = specy_formula(Index2+1:Index2+M)
CALL IPPARI(qty_ch, -1, 1, qty, nval, Ierr, LOG) 
specy_n(elem_found) = specy_n(elem_found) + qty(l)
Index2 = Index2 + M + 1 

c write(*,*)' Index2 = ',Index2,' qty = ',qty(1)
return

ELSEIF (sym(Index2+l).EQ.l) THEN
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elem_ch2 “ specy_formula(Index2:Index2+1)
CALL CKCOMP (elem_ch2, element, element_qty, NKEY)
IF (NKEY.EQ.O) THEN

specy_n(elem_found) «= specy_n(elem_found) + 1
Index2 = Index2 + 1
return

E L S E
elem_found - NKEY 
Index2 “ Index2 + 2 

ENDIF 
M = 0 

4 00 CONTINUE
IF ((Index2+M+1).LE.specy_len.AND.sym(Index2+M).EQ.2) THEN 

M  «* M + 1 
GO TO 400 

ENDIF
IF (M.GT.O) THEN 

qty_ch = ' '
qty_ch = specy_formula(Index2:Index2+M-l)
CALL IPPARI(qty_ch, -1, 1, qty, nval, Ierr, LOG) 
specy_n(elem_found) = specy_n(elem_found) + qty(l)
Index2 = Index2 + M 
return

ELSE
specy_n(elem_found) = specy_n(elem_found) + 1 
return 

ENDIF
ELSE

specy_n(elem_found) = specy_n(elem_found) + 1 
Index2 = Index2 + 1 

ENDIF 
return 
end

 c
SUBROUTINE CKISUB (LINE, SUB, NSUB)

Generates an array of CHARM*) substrings from a CHARM*) string, 
using blanks or tabs as delimiters

Input: LINE - a CHARM*) line
Output: SUB - a CHARM*) array of substrings

NSUB - number of substrings found
A  ' ! ' will comment out a line, or remainder of the line.

F. Rupley, Div. 8245, 5/15/86 c
*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N)
*****END precision > double 
*****precision > single

IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)
*****END precision > single

CHARACTER*(*) SUB(*), LINE 
NSUB = 0

C
DO 5 N » 1, LEN(LINE)

IF (ICHAR(LINE(N:N)) .EQ. 9) LINE(N:N) = ' '
5 CONTINUE

C
IF (IPPLEN(LINE) .LE. 0) RETURN

C
ILEN = ILASCH(LINE)

C
NSTART = IFIRCH(LINE)

10 CONTINUE
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ISTART = NSTART 
NSUB = NSUB + 1 
SUB(NSUB) = * '

C
DO 100 I = ISTART, ILEN

ILAST = INDEX(LINE(I S T A R T ' ') - 1 
IF (ILAST .GT. 0) THEN

ILAST = ISTART + ILAST - 1 
ELSE

ILAST = ILEN 
ENDIF
SUB(NSUB) - LINE(ISTART:ILAST)
IF (ILAST .EQ. ILEN) RETURN

C
NSTART = ILAST + IFIRCH(LINE(ILAST+1:))

C
C Does SUB have any slashes?
C

11 = INDEX(SUB(NSUB),'-')
IF (II .LE. 0) THEN

IF (LINE(NSTART:NSTART) .NE. '-') GO TO 10 
NEND = NSTART + INDEX(LINE(NSTART+1:),'~ 1) 
IND = INDEX(SUB(NSUB), 1 ')
SUB (NSUB) (IND: ) ■= LINE (NSTART:NEND)
IF (NEND .EQ. ILEN) RETURN
NSTART = NEND + IFIRCH(LINE(NEND+1:))
GO TO 10 

ENDIF
C
C Does SUB have 2 slashes?
C

12 = INDEX(SUB(NSUB)(I1+1:),'-')
IF (12 .GT. 0) GO TO 10

C

NEND = NSTART + INDEX(LINE(NSTART+1:),'~ ')
IND = INDEX(SUB(NSUB),1 ') + 1
SUB(NSUB)(IND:) = LINE(NSTART:NEND)
IF (NEND .EQ. ILEN) RETURN
NSTART = NEND + IFIRCH(LINE(NEND+1:))
GO TO 10 

100 CONTINUE 
RETURN 
ENDc----------------------------------------------
SUBROUTINE IPNPAR (LINE, NPAR, IPAR, ISTART)

C

C Returns CHAR*(*) IPAR substring of CHAR*(*) string LINE which
C contains NPAR real parameters
C
C Input: LINE - a CHAR*(*) line
C NPAR - number of parameters expected
C Output: IPAR - the substring of parameters only
C ISTART - the starting location of IPAR substring
C A  '!' will comment out a line, or remainder of the line.
C F. Rupley, Div. 8245, 5/14/86c-----------------------------------------------------------
C*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N) 
*****END precision > double 
* * * **precision > single

IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)
*****END precision > single

CHARACTER*(*) LINE,IPAR
----------- Find Comment String (! signifies comment)
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c
ILEN = IPPLEN(LINE)
ISTART = 0 
N ■= 0
IF (ILEN.GT.0) THEN

DO 40 I ■= ILEN, 1, -1 
ISTART = I 
IPAR = ' '
IPAR = LINE(ISTART:ILEN)
IF (LINE(I:I).NE.' ') THEN

IF (I .EQ. 1) RETURN 
IF (LINE(1-1:1-1) .EQ. ' ') THEN

N ■= N + 1
IF (N .EQ. NPAR) RETURN 

ENDIF 
ENDIF 

40 CONTINUE 
ENDIF 
RETURN 
ENDc c
SUBROUTINE IPPARI(STRING, ICARD, NEXPEC, IVAL, NFOUND, IERR, LOUT) 

C BEGIN PROLOGUE IPPARI
C REFER TO IPGETI
C DATE WRITTEN 850625 (YYMMDD)
C REVISION DATE 851725 (YYMMDD)
C CATEGORY NO. J3.,J4.,M2.
C KEYWORDS PARSE
C AUTHOR CLARK, G.L.,GROUP C-3 LOS ALAMOS N A T 'L LAB
C PURPOSE Parses integer variables from a character variable. Called
C by IPGETI, the IOPAK routine used for interactive input.
C DESCRIPTION
C
C-----------------------------------------------------------------------------------
C IPPARI may be used for parsing an input record that contains integer 
C values, but was read into a character variable instead of directly 
C into integer variables.
C The following benefits are gained by this approach:
C - specification of only certain elements of the array is allowed,
C thus letting the others retain default values
C - variable numbers of values may be input in a record, up to a
C specified maximum
C - control remains with the calling program in case of an input
C error
C - diagnostics may be printed by IPPARI to indicate the nature
C of input errors
C
C The contents of STRING on input indicate which elements of IVAL
C are to be changed from their entry values, and values to which
C they should be changed on exit. Commas and blanks serve as
C delimiters, but multiple blanks are treated as a single delimeter.
C Thus, an input record such as:
C ' 1, 2,,40000 , ,60'
C is interpreted as the following set of instructions by IPGETR:
C
C (1) set IVAL(1) = 1
C (2) set IVAL(2) = 2
C (3) leave IVAL(3) unchanged
C (4) set IVAL(4) = 40000
C (5) leave IVAL(5) unchanged
C (6) set IVAL(6) = 60
C
C IPPARI will print diagnostics on the default output device, if
C desired.
C
C IPPARI is part of IOPAK, and is written in ANSI FORTRAN 77
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c
c
c
c

Examples
Assume IVAL » (0, 0, 0) and NEXPEC = 3 on entry:

C
C input string IVAL on exit IERR NFOUND
C ' 2 , 3 45 1
C '2.15,,3'
C ' 3X, 25, 2'
C '10000'
C

(2, 3, 45) 
(2, 0, 3) 
(0, 0, 0)
(10000, 0, 0)

0
1
1
2

3
0
0
1

C
C
C
c
c
c
c

,,J/ 400'
' 1 -3 5 'f J / / J' 1

input string

f  /

Assume IVAL = (0, 0, 0, 0) and NEXPEC = -4 on entry:
IVAL on exit

(1, 2)
(0, 0, 37, 400) 
(1, 0, -3, 0)

IERR NFOUND
0
0
3

2
4
4

C
C arguments: (I=input,0=output)c -------------------------
C STRING (I) - the character string to be parsed.
C
C ICARD (I) - data statement number, and error processing flag
C < 0 : no error messages printed
C = 0 : print error messages, but not ICARD
C > 0 : print error messages, and ICARD
C
C NEXPEC (I) - number of real variables expected to be input. If
C < 0 ,  the number i3 unknown, and any number of values
C between 0 and abs(nexpec) may be input. (see NFOUND)
C
C PROMPT (I) - prompting string, character type. A  question 
C mark will be added to form the prompt at the screen.
C
C IVAL (1,0) - the integer value or values to be modified. On entry,
C the values are printed as defaults. The formal parameter
C corresponding to IVAL must be dimensioned at least NEXPEC
C in the calling program if NEXPEC > 1.
C
C NFOUND (0) - the number of real values represented in STRING,
C only in the case that there were as many or less than
C NEXPEC.
C
C IERR (0) - error flag:
C = 0 if no errors found
C = 1  syntax errors or illegal values found
C = 2  for too few values found (NFOUND < NEXPEC)
C = 3  for too many values found (NFOUND > NEXPEC)c------------------------------------------------------------
C
C REFERENCES (NONE)
C ROUTINES CALLED IFIRCH, ILASCH 
C END PROLOGUE IPPARI 
C** * *^precision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N)
* * * * *END precision > double

*****precision > single
IMPLICIT REAL (A-H, 0-Z), INTEGER (I-N)

*****END precision > single

CHARACTER STRING*(*), ITEMP*80 
DIMENSION IVAL(*)
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CHARACTER *8 FMT(14)
LOGICAL OKINCR

C
C FIRST EXECUTABLE STATEMENT IPPARI 

IERR = 0 
NFOUND - 0 
NEXP *» IABS (NEXPEC)
IE = ILASCH(STRING)
IF (IE .EQ. 0) GO TO 500 
NC = 1

C
C  OKINCR is a flag that indicates it's OK to increment
C  NFOUND, the index of the array into which the value
C  should be read. It is set false when a space follows
C  an integer value substring, to keep incrementing from
C  occurring if a comma should be encountered before the
C  next value.
C

OKINCR = .TRUE.
C
C   begin overall loop on characters in string
C
100 CONTINUE 
C

IF (STRING(NC:NC) .EQ. ',') THEN 
IF (OKINCR .OR. NC .EQ. IE) THEN 

NFOUND = NFOUND + 1 
ELSE

OKINCR = .TRUE.
ENDIF

C
GO TO 450 

ENDIF
IF (STRING(NC:NC) .EQ. ' ') GO TO 450

C
C  first good character (non-delimeter) found - now find
C  last good character
C

IBS = NC 
160 CONTINUE

NC = NC + 1
IF (NC .GT. IE) GO TO 180 
IF (STRING(NC:NC) .EQ. ' ')THEN 

OKINCR = .FALSE.
ELSEIF (STRING(NC:NC) .EQ. ',')THEN 

OKINCR = .TRUE.
ELSE

GO TO 160 
ENDIF

C
C  end of substring found - read value into integer array
C
180 CONTINUE

NFOUND = NFOUND + 1 
IF (NFOUND .GT. NEXP) THEN 

IERR = 3 
GO TO 500 

ENDIF
C

IES = NC - 1
NCH = IES - IBS + 1
DATA FMT/' (II)', ' (12)', ' (13)', ' (14)', ' (15)',

1 ' (16)', ' (17)', ' (18)', ' (19)', '(110)',
2 ' (111) ' , ' (112) ', ' (113) ', ' (114) '/
ITEMP = ' '
ITEMP = STRING(IBS:IES)
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READ {ITEMP(1:NCH), FMT(NCH), ERR = 400) IVAL(NFOUND)
GO TO 450 

4 00 CONTINUE 
IERR = 1 
GO TO 510 

450 CONTINUE
NC = NC + 1
IF (NC -LE. IE) GO TO 100

C
500 CONTINUE

IF (NEXPEC .GT. 0 .AND. NFOUND .LT. NEXP) IERR = 2 
510 CONTINUE 
C

IF (IERR .EQ. 0 .OR. ICARD .LT. 0)RETURN 
IF (ICARD .NE. 0) WRITE (LOUT, '(A,13)')

1 ’!! ERROR IN DATA STATEMENT NUMBER', ICARD
IF (IERR .EQ. 1)

1 WRITE (LOUT, ’ (A) ')'SYNTAX ERROR, OR ILLEGAL VALUE'
IF (IERR .EQ. 2) WRITE (LOUT, '(A,12, A, 12)')

1 ' TOO FEW DATA ITEMS. NUMBER FOUND = ' , NFOUND,
2 ' NUMBER EXPECTED = ', NEXPEC
IF (IERR .EQ. 3) WRITE (LOUT, ’(A,12)')

1 ' TOO MANY DATA ITEMS. NUMBER EXPECTED = ', NEXPEC
END

C
SUBROUTINE IPPARR(STRING, ICARD, NEXPEC, RVAL, NFOUND, IERR, LOUT) 

C BEGIN PROLOGUE IPPARR
C REFER TO IPGETR
C DATE WRITTEN 850625 (YYMMDD)
C REVISION DATE 851625 (YYMMDD)
C CATEGORY NO. J3.,J4.,M2.
C KEYWORDS PARSE
C AUTHOR CLARK,G.L., GROUP C-3 LOS ALAMOS NAT'L LAB 
C PURPOSE Parses real variables from a character variable. Called
C by IPGETR, the IOPAK routine used for interactive input.
C DESCRIPTION
Cc--------------------------------------------------------------
C IPPARR may be used for parsing an input record that contains real 
C values, but was read into a character variable instead of directly 
C into real variables.
C The following benefits are gained by this approach:
C - specification of only certain elements of the array is allowed,
C thus letting the others retain default values
C - variable numbers of values may be input in a record, up to a
C specified maximum
C - control remains with the calling program in case of an input
C error
C - diagnostics may be printed by IPPARR to indicate the nature
C of input errors
C
C The contents of STRING on input indicate which elements of RVAL
C are to be changed from their entry values, and values to which
C they should be changed on exit. Commas and blanks serve as
C delimiters, but multiple blanks are treated as a single delimeter.
C Thus, an input record such as:
C ' 1., 2,,4.e-5 , ,6.e-6'
C is interpreted as the following set of instructions by IPGETR:
C
C (1) set RVAL(l) = 1.0
C (2) set RV A L (2) = 2.0
C (3) leave RVAL(3) unchanged
C (4) set RV A L (4) = 4.0E-05
C (5) leave RVAL(5) unchanged
C (6) set RVAL(6) = 6.0E-06
C



no
on

258

C IPPARR will print diagnostics on the default output device, if 
C desired.
C
C IPPARR is part of IOPAK, and is written in ANSI FORTRAN 77 
C
C Examples:
C
C Assume RVAL ■= (0., 0., 0.) and NEXPEC = 3 on entry:
C
C input string RVAL on exit IERR NFOUND
C • 2.34e-3, 3 45.1' (2.34E-03, 3.0, 45.1) 0 3
C '2,,3.-5' (2.0, 0.0, 3.0E-05) 0 3
C ',1.4,0.028E4' (0.0, 1.4, 280.0) 0 3
C ’1.0, 2.a4, 3.0' (1.0, 0.0, 0.0) 1 1
C '1.0' (1.0, 0.0, 0.0) 2 1
C
C Assume RVAL = (0.,0.,0.,0.) and NEXPEC = -4 on entry:
C
C input string RVAL on exit IERR NFOUND
C '1.,2. ' (1.0, 2.0) 0 2
C ',,3 4.0' (0.0, 0.0, 3.0, 4.0) 0 4
C ’1,,3,,5.0' (0.0, 0.0, 3.0, 0.0) 3 4
C
C arguments: (I=input,O=output)c -------------------------
C STRING (I) - the character string to be parsed.
C
C ICARD (I) - data statement number, and error processing flag
C < 0 : no error messages printed
C = 0 : print error messages, but not ICARD
C > 0 : print error messages, and ICARD
C
C NEXPEC (I) - number of real variables expected to be input. If
C < 0 ,  the number is unknown, and any number of values
C between 0 and abs(nexpec) may be input. (see NFOUND)
C
C PROMPT (I) - prompting string, character type. A question
C mark will be added to form the prompt at the screen.
C
C RVAL (1,0) - the real value or values to be modified. On entry,
C the values are printed as defaults. The formal parameter
C corresponding to RVAL must be dimensioned at least NEXPEC
C in the calling program if NEXPEC > 1.
C
C NFOUND (O) - the number of real values represented in STRING,
C only in the case that there were as many or less than
C NEXPEC.
C
C IERR (O) - error flag:
C = 0 if no errors found
C = 1  syntax errors or illegal values found
C = 2  for too few values found (NFOUND < NEXPEC)
C = 3  for too many values found (NFOUND > NEXPEC)c----------------------------------------------------------
c
C REFERENCES (NONE)
C ROUTINES CALLED IFIRCH,ILASCH 
C END PROLOGUE IPPARR 
C*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N)
*****END precision > double
*****precision > single

IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)
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C*****END precision > single 
C

CHARACTER STRING*(*), ITEMP*80 
DIMENSION RVAL(*)
CHARACTER *8 FMT(22)
LOGICAL OKINCR

C
C FIRST EXECUTABLE STATEMENT IPPARR 

IERR “ 0 
NFOUND = 0 
NEXP = IABS(NEXPEC)
IE = ILASCH(STRING)
IF (IE .EQ. 0) GO TO 500 
NC = 1

C
C  OKINCR is a flag that indicates it's OK to increment
C  NFOUND, the index of the array into which the value
C  should be read. It is set negative when a space follows
C  a real value substring, to keep incrementing from
C  occurring if a comma should be encountered before the
C  next value.
C

OKINCR = .TRUE.
C
C  begin overall loop on characters in string
C
100 CONTINUE 
C

IF (STRING(NC:NC) .EQ. ',') THEN 
IF (OKINCR) THEN

NFOUND = NFOUND + 1 
ELSE

OKINCR = .TRUE.
ENDIF

C
GO TO 450 

ENDIF
IF (STRING (NC.’NC) -EQ. ' ' ) GO TO 450

C
C  first good character (non-delimeter) found - now find
C  last good character
C

IBS = NC 
160 CONTINUE

NC = NC + 1
IF (NC .GT. IE) GO TO 180 
IF (STRING(NC:NC) .EQ. ' ')THEN 

OKINCR = .FALSE.
ELSEIF (STRING(NC:N C ) .EQ. ',')THEN 

OKINCR = .TRUE.
ELSE

GO TO 160 
ENDIF

C
C  end of substring found - read value into real array
c
180 CONTINUE

NFOUND «= NFOUND + 1 
IF (NFOUND -GT. NEXP) THEN 

IERR = 3 
GO TO 500 

ENDIF
C

DATA FMT/ ' (E1.0)', ' (E2.0)',
1 ' (E5.0) ', ' (E 6. 0) ', ’ (E7.0) ',
2 ' (E10.0) ', ' (E11.0) ', ' (E12.0) ',

(E3.0)
(E8.0)

(E13.0)
(E4.0)
(E9.0)

(E14.0)
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3 ’ (E15 . 0) ', ' (E16. 0) 1 , 1 (E1V . 0) ' , ’ (E18 . 0) * , '(E19.0)',
4 1 (E20.0) ', ' (E21.0)1, ' (E22.0) 1/
IES = NC - 1
NCH = IES - IBS + 1 
ITEMP = ' '
ITEMP = STRING(IBS:IES)
READ (ITEMP(1:NCH), FMT(NCH), ERR = 400) RVAL(NFOUND)
GO TO 450 

400 CONTINUE
WRITE (LOUT, 555) STRING(IBS:IES)

555 FORMAT (A)
IERR = 1 
GO TO 510 

450 CONTINUE
NC = NC + 1
IF (NC .LE. IE) GO TO 100

C
500 CONTINUE

IF (NEXPEC .GT. 0 .AND. NFOUND .LT. NEXP) IERR = 2 
510 CONTINUE 
C

IF (IERR .EQ. 0 .OR. ICARD .LT. 0) RETURN 
IF (ICARD .NE. 0) WRITE (LOUT, '(A,13)')

1 1 ! ! ERROR IN DATA STATEMENT NUMBER', ICARD
IF (IERR .EQ. 1)

1 WRITE (LOUT, '(A)')'SYNTAX ERROR, OR ILLEGAL VALUE'
IF (IERR .EQ. 2) WRITE (LOUT, '(A,12, A, 12)')

1 ' TOO FEW DATA ITEMS. NUMBER FOUND = ' , NFOUND,
2 ' NUMBER EXPECTED = ', NEXPEC
IF (IERR .EQ. 3) WRITE (LOUT, '(A,12)')

1 ' TOO MANY DATA ITEMS. NUMBER EXPECTED = ', NEXPEC
END

C
FUNCTION IFIRCH(STRING)

C BEGIN PROLOGUE IFIRCH
C DATE WRITTEN 850626
C REVISION DATE 850626
C CATEGORY NO. M 4 .
C KEYWORDS CHARACTER STRINGS,SIGNIFICANT CHARACTERS
C AUTHOR CLARK,G.L.,GROUP C-3 LOS ALAMOS N A T 'L LAB
C PURPOSE Determines first significant (non-blank) character 
C in character variable
C DESCRIPTION
Cc------------------------------------------------------------
C IFIRCH locates the first non-blank character in a string of
C arbitrary length. If no characters are found, IFIRCH is set = 0.
C When used with the companion routine ILASCH, the length of a string
C can be determined, and/or a concatenated substring containing the
C significant characters produced.
C------------------------------------------------------------
C
C REFERENCES (NONE)
C ROUTINES CALLED (NONE)
C END PROLOGUE IFIRCH
C*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N)
C*****END precision > double 
C
C*****precision > single
C IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)
C*****END precision > single 
C

CHARACTER* (*)STRING
C
C FIRST EXECUTABLE STATEMENT IFIRCH
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NLOOP - LEN(STRING)
C

IF (NLOOP .EQ. 0) THEN 
IFIRCH = 0 
RETURN 

ENDIF
C

DO 100 1 = 1 ,  NLOOP
IF (STRING(I:I ) .NE. ' ') GO TO 120

100 CONTINUE 
C

IFIRCH = 0 
RETURN 

120 CONTINUE
IFIRCH = I 
END
FUNCTION ILASCH(STRING)

C BEGIN PROLOGUE ILASCH
C DATE WRITTEN 85062 6
C REVISION DATE 850626
C CATEGORY NO. M 4 .
C KEYWORDS CHARACTER STRINGS,SIGNIFICANT CHARACTERS 
C AUTHOR CLARK,G.L.,GROUP C-3 LOS ALAMOS N A T 'L LAB
C PURPOSE Determines last significant (non-blank) character
C in character variable
C DESCRIPTION
Cc------------------------------------------------------------
C IFIRCH locates the last non-blank character in a string of
C arbitrary length. If no characters are found, ILASCH is set = 0.
C When used with the companion routine IFIRCH, the length of a string
C can be determined, and/or a concatenated substring containing the
C significant characters produced.
C Note that the FORTRAN intrinsic function LEN returns the length
C of a character string as declared, rather than as filled. The
C declared length includes leading and trailing blanks, and thus is
C not useful in generating 'significant' substrings.c------------------------------------------------------------
C
C REFERENCES (NONE)
C ROUTINES CALLED (NONE)
C END PROLOGUE IFIRCH
C** * **preCision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N)
C*****END precision > double 
C
C*****precision > single
C IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)
C*****END precision > single 
C

CHARACTER*(*) STRING
C
C***FIRST EXECUTABLE STATEMENT ILASCH 

NLOOP = LEN(STRING)
IF (NLOOP.EQ.0) THEN 

ILASCH = 0 
RETURN 

ENDIF
C

DO 100 I = NLOOP, 1, -1
IF (STRING(1:1) .NE. ' ') GO TO 120

100 CONTINUE 
C
120 CONTINUE

ILASCH = I 
END
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SUBROUTINE CKCOMP (1ST, IRAY, II, I)
C
C START PROLOGUE 
C
C SUBROUTINE CKCOMP (1ST, IRAY, II, I)*
C Returns the index of an element of a reference character
C string array which corresponds to a character string;
C leading and trailing blanks are ignored.
C
C
C INPUT
C 1ST - A  character string.
C Data type - CHARACTER*!*)
C IRAY - An array of character strings;
C dimension IRAY(*) at least II
C Data type - CHARACTER*(*)
C II The length of IRAY.
C Data type - integer scalar.
C
C OUTPUT
C l -  The first integer location in IRAY in which 1ST
C corresponds to IRAY(I); if 1ST is not also an
C entry in IRAY, 1=0.
C
C END PROLOGUE 
C
C*****preCision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N) 
*****END precision > double 
*****preCisi0n > single

IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)
*****END precision > single

CHARACTER*(*) 1ST, IRAY(*)
1 =  0
DO 10 N = II, 1, -1

151 = IFIRCH(1ST)
152 = ILASCH(1ST)
IR1 = IFIRCH(IRAY(N))
IR2 = ILASCH(IRAY(N))
IF ( IS2.GE.IS1 .AND. IS2.GT.0 .AND.

1 IR2.GE.IR1 .AND. IR2.GT.0 .AND.
2 IST(IS1:IS2).EQ.IRAY(N)(IR1:IR2) ) I=N

10 CONTINUE 
RETURN 
END

 c
SUBROUTINE CKUNIT (LINE, AUNITS, EUNITS, IUNITS)

*****precision > double
IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N)

C*****END precision > double 
C * * * * *precision > single
C IMPLICIT REAL (A-H,O-Z), INTEGER (I-N)
C*****END precision > single

CHARACTER*!*) LINE, IUNITS, AUNITS, EUNITS 
CHARACTER*4 UPCASE

C
AUNITS = ' ’
EUNITS = ' '
IUNITS = ' ’
DO 85 N = 1, ILASCH(LINE)-3



263

IND = ILASCH(IUNITS)
IF (EUNITS .EQ. ' ') THEN

IF (UPCASE(LINE(N:), 4) .EQ. 'CAL/') THEN
EUNITS *= 'CAL/'
IF (IUNITS .EQ. ' ') THEN

IUNITS = 'E units cal/mole'
ELSE

IUNITS(IND:) - •, E units cal/mole'
ENDIF

ELSEIF (UPCASE(LINE(N:), 4) .EQ. 'KCAL') THEN
EUNITS *= 'KCAL'
IF (IUNITS .EQ. ' ') THEN

IUNITS = 'E units Kcal/mole'
ELSE

IUNITS(IND:) = ', E units Kcal/mole'
ENDIF

ELSEIF (UPCASE(LINE(N:), 4) .EQ. 'JOUL') THEN
EUNITS = 'JOUL'
IF (IUNITS .EQ. ' ') THEN

IUNITS = 'E units Joules/mole'
ELSE

IUNITS(IND:) = ', E units Joules/mole'
ENDIF

ELSEIF (UPCASE(LINE(N:) , 4) .EQ. 'KJOU') THEN 
EUNITS = 'KJOU'
IF (IUNITS .EQ. ' ') THEN

IUNITS = 'E units Kjoule/mole'
ELSE

IUNITS(IND:) = ', E units Kjoule/mole'
ENDIF

ELSEIF (UPCASE(LINE(N:) , 4) .EQ. 'KELV') THEN 
EUNITS = 'KELV'
IF (IUNITS .EQ. ' ') THEN

IUNITS = 'E units Kelvins'
ELSE

IUNITS(IND:) = ', E units Kelvins'
ENDIF

ENDIF
ENDIF
IF (AUNITS .EQ. ' ') THEN

IF (UPCASE(LINE(N:) , 4) .EQ. 'MOLE') THEN 
IF (UPCASE(LINE(N+4:), 1) .EQ. 'S') THEN 

AUNITS = 'MOLE'
IF (IUNITS .EQ. ' ') THEN

IUNITS = 'A units mole-cm-sec-K'
ELSE

IUNITS(IND:) = ', A  units mole-cm-sec-K' 
ENDIF

ELSEIF (UPCASE(LINE(N+4:), 4) .EQ. 'CULE’) THEN 
AUNITS = 'MOLC'
IF (IUNITS .EQ. ' ') THEN

IUNITS = 'A units molecules'
ELSE

IUNITS(IND:) = ', A  units molecules'
ENDIF 

ENDIF 
ENDIF 

ENDIF 
85 CONTINUE

C
IF (AUNITS .EQ. ' ') THEN

AUNITS = 'MOLE'
IND = ILASCH(IUNITS) + 1 
IF (IND .GT. 1) THEN

IUNITS(IND:) = ', A units mole-cm-sec-K'
ELSE
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IUNITS(IND:) «= ' A  units mole-cm-sec-K1 
ENDIF 

ENDIF
C

IF (EUNITS .EQ. ' ') THEN
EUNITS = ’CAL/’
IND = ILASCH(IUNITS) + 1 
IF (IND .GT. 1) THEN

IUNITS(IND:) = E units cal/mole’
ELSE

IUNITS(IND:) = ' E units cal/mole'
ENDIF

ENDIF
C

RETURN
END

 c
INTEGER FUNCTION IPPLEN (LINE)

BEGIN PROLOGUE

FUNCTION IPPLEN (LINE)
Returns the effective length of a character string, i.e., 
the index of the last character before an exclamation mark (!) 
indicating a comment.

INPUT
LINE - A  character string.

OUTPUT
IPPLEN - The effective length of the character string.

END PROLOGUE

*****precision > double
IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N)

* * * * *END precision > double 
*****precision > single

IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)
*****END precision > single

CHARACTER LINE*(*)
C

IN = IFIRCH(LINE)
IF (IN.EQ.0 .OR. LINE(IN:IN).E Q .'!') THEN 

IPPLEN = 0 
ELSE

IN = INDEX(LINE,'!')
IF (IN .EQ. 0) THEN

IPPLEN «= ILASCH (LINE)
ELSE

IPPLEN = ILASCH(LINE(:IN-1))
ENDIF

ENDIF
RETURN
END
CHARACTER*(*) FUNCTION UPCASE(ISTR, ILEN) 
CHARACTER ISTR*(*), LCASE(26)*1, UCASE(26)*1
DATA LCASE / 'a','b', ir ' 'd ' 'e 'c / u / e i 'f . 'g\ 'h', ' i ', ' j 'k\. '1', 'm' ,

1 'n','o','n 1 'o' 1r 1 P t 4 / / 's',. 'f, 'u', ' V' , ' w , 'x' ,■ ’ y ' - 'z'/
2 UCASE / ■A','B','C','D',’E', 'F', • p iG , 'H' ,' I ', 1 J ' , ' K' ,■ ' L ' , ' M ' ,
3 'N','O', 'P ','Q', 'R', •S' , 1 m •1 / 'U', 'V\, 'W' , 'X' ,, ' Y ' , 1 Z 1 /
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UPCASE - ' '
UPCASE = ISTR(:ILEN)
JJ ■= MIN (LEN (UPCASE) , LEN (ISTR), ILEN)
DO 10 J ■= 1, JJ 

DO 10 N = 1,26
IF (ISTR(J:J) .EQ. LCASE(N)) UPCASE(J:J) = 

10 CONTINUE 
RETURN 
END

SUBROUTINE THERM_IO(ERROR)
C

IMPLICIT NONE 
INCLUDE 'THM_PAR.FI'

C
CHARACTER FILE_NAME*20 
INTEGER IDOT, ISTART, IFIRCH 
LOGICAL ERROR

C
ERROR = .FALSE.

5 WRITE(*,10)
10 FORMAT(’ Please enter the input file name : ')

READ(*, ' (A20) ’)FILE_INP
OPEN(INP,FILE=FILE_INP,STATUS='OLD' , ERR=30)
GO TO 50 

30 CONTINUE
W RITE(*,40)FILE_INP 

40 FORMAT (' Can not find file : \A20)
GO TO 5 

50 CONTINUE
ISTART = IFIRCH(FILE_INP)
IDOT = INDEX(FILE_INP, '.')
FILE_NAME = FILE_INP(ISTART:IDOT-1)

C FILE_LOG = FILE_NAME + '.' + 'LOG'
FILE_LOG = 'THERMCAL.LOG'
FILE_LOG(IDOT:IDOT) = '.'
FILE_LOG(IDOT+1:IDOT+3) = 'LOG'
FILE_LST = FILE_NAME + '.' + 1LST'

FILE_LST = FILE_NAME 
FILE_LST(IDOT:IDOT) = '.'
FILE_LST(IDOT+1:IDOT+3) = 'LST'
FILE_DAT = FILE_NAME + '.' + 'DAT'

OPEN(LOG,FILE=FILE_LOG, STATUS='UNKNOWN’,ERR=230) 
CLOSE(LOG,STATUS='DELETE’)
OPEN(LOG,FILE=FILE_LOG,STATUS='NEW',ERR=230)
GO TO 250 

230 CONTINUE
W RITE(*,240)FILE_LOG 

240 FORMAT(' File I/O Error : ',A20)
ERROR = .TRUE.
GO TO 350 

250 CONTINUE
C

OPEN(LST,FILE=FILE_LST,STATUS='UNKNOWN' , ERR=330) 
CLOSE(LST,STATUS='DELETE’)
OPEN(LST,FILE=FILE_LST,STATUS='NEW',ERR=330)
GO TO 350 

330 CONTINUE
W RITE(*,340)FILE_LST 

340 FORMAT(' File I/O Error : ',A20)
ERROR = .TRUE.
GO TO 350

UCASE(N)
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350
C

CONTINUE
RETURN
END
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D.2 THERMSRT

PROGRAM THERMCVT
 c

w.lng 06-15-94, 08-01-95***********************
IMPLICIT NONE
include 'thm_par2.fi' 
include 'thm_cfg.fi'

CHARACTER specy_name*70, specy_formula*4 0,
3 specy_group(Max_Specy_Group)*14,KEY2(3)*4,
4 specy_element(Max_Element)*4, str_int*8,
5 specy_comment*70, specy_phase, line*100, K E Y (5)*5,
6 S U B (20)*100, UPCASE*5, str*100, qty*100, NAME*200

INTEGER specy_group_qty(Max_Specy_Group), specy_symmetry,
1 specy_element_qty(Max_Element), Ngroup,ILASCH,
2 ILEN, IPPLEN, NSUB, NKEY, Isymmetry(5), NVAL, Ierr,
3 I, Istr, Igroup(5), Ifirch, Islash, Iqty(5), Ifound,J,
4 Index, Itotal, Iname, NKEY2, Nloop
REAL*8 specy_Hf, specy_S, specy_Cp300, specy_Cp400, specy_Cp500,

1 specy_Cp600, specy_Cp800, specy_CplOOO, specy_Cpl500,
2 specy_rotor, rotor(5)
LOGICAL therm, nasa, err, io_err

DATA KEY/'UNITS' , 'RADIC', 'X X X ', 'END','!'/
DATA KEY2/'SYMM','NROT','ENDS'/

Call Initialization subroutines, 02/95 ING
CALL TITLE 

CALL THERM_IO(io_err) 
if (io_err) GO TO 6000 
CALL THERM_INIT(init_err) 
if (init_err) GO TO 6000

w rite(1st,*)'THERM BATCH INPUT FILE' 
write(1st,50)

50 formate SPECIES Hf S Cp 300 400 500 60
10 800 1000 1500 DATE ELEMENTS')

100 CONTINUE
specy_rotor = 0.0 
specy_symmetry = 1 
LINE = ' '
READ (INP,'(A)',END=5000) LINE 

105 CONTINUE
ILEN = IPPLEN(LINE)
IF (ILEN .EQ. 0) GO TO 100 
READ (INP, ' (A) ',END=5000) LINE 
READ (INP,'(A)',END=5000) LINE 
READ (INP,'(A)',END=5000) LINE 
ILEN = IPPLEN(LINE)
CALL CKISUB (LINE(:ILEN) , SUB, NSUB) 
specy_name = SUB(l) 
specy_formula = S U B (2)

267
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READ (INP,' (A)’,END=5000) LINE 
ILEN = IPPLEN (LINE)
CALL CKISUB (LINE(:ILEN) , SUB, NSUB)

IS THERE A  KEYWORD?
CALL CKCOMP ( UPCASE(SUB(1), 5) , KEY, 2, NKEY)
WRITE(*,*)UPCASE(SUB(1),3),KEY(1),NKEY 
IF (NKEY .GT. 0) ITASK = 0
WRITE(*,*)UPCASE(SUB(1), 5)
W RITE(*,*)NKEY 
IF (NKEY.EQ.2) THEN

READ (INP,'(A)1,END=5000) LINE 
READ (INP,1(A)',END=5000) LINE 
READ (INP,’(A)’,END=5000) LINE 

ELSEIF (NKEY.EQ.1) THEN 
C DO NOTHING FOR MOLECULES

ELSE
C ERROR FOR NEITHER MOLECULES NOR RADICALS

GO TO 6000 
ENDIF
READ (INP,'(A)',END=5000) LINE 
ILEN = IPPLEN(LINE)
CALL CKISUB (LINE(:ILEN), SUB, NSUB)
call IPPARI (SUB(2), -1, 1, Igroup, nval, Ierr, LOG)
Ngroup = Igroup(1)
IF (Ierr.NE.O .OR. Ngroup.EQ.O) THEN 

160 CONTINUE
W RITE(*,*)' specy "',specy_name,'" group number error !!!'
READ (INP, ' (A) \END=5000) LINE 
ILEN = IPPLEN(LINE)
CALL CKISUB (LINE(:ILEN), SUB, NSUB)
CALL CKCOMP ( UPCASE(SUB(1) , 4) , KEY2, 3, NKEY2)
IF (NKEY2.NE.3) GO TO 160 
GO TO 100 

ENDIF 
C GO TO 6000

READ (INP, ' (A) ',END=5000) LINE 
IF (Ngroup.LE.5) THEN

DO 200 I = 1, Ngroup
READ (INP,'(A)1,END=5000) LINE 
ILEN = IPPLEN(LINE)
CALL CKISUB (LINE(:ILEN), SUB, NSUB) 
specy_group(I) = S U B (3)
call IPPARI (SUB(S), -1, 1, Iqty, nval, Ierr, LOG) 
specy_group_qty(I) = Iqty(l)

200 CONTINUE
ELSE

Nloop = INT(Ngroup/2.0)
C w rite(*,*)'Ngroup = ',Ngroup,' Nloop = Nloop

IF(MOD(Ngroup,2).EQ.O) THEN 
DO 210 1 = 1 ,  Nloop

READ (INP,'(A)',END=5000) LINE 
ILEN = IPPLEN(LINE)
CALL CKISUB (LINE(:ILEN), SUB, NSUB) 
specy_group(I) = S U B (3)
call IPPARI (SUB(5), -1, 1, Iqty, nval, Ierr, LOG) 
specy_group_qty(I) = Iqty(l) 
specy_group(Nloop+I) = S U B (9)
call IPPARI (SUB(11), -1, 1, Iqty, nval, Ierr, LOG) 
specy_group_qty(Nloop+I) = Iqty(l)

C write(*,*)I,specy_group(I) , specy_group_qty(I)
C write(*,*)Nloop+I,specy_group(Nloop+I),specy_group_qty(Nloop+I)

210 CONTINUE
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ELSE
DO 220 1 = 1 ,  Nloop

READ (INP,'(A)',END=5000) LINE 
ILEN = IPPLEN(LINE)
CALL CKISUB (LINE(:ILEN), SUB, NSUB) 
specy_group(I) = S U B (3)
call IPPARI (SUB(5), -1, 1, Iqty, nval, Ierr, LOG) 
specy_group_qty(I) = Iqty(l) 
specy_group(Nloop+I+l) = SUB(9)
call IPPARI (SUB(11), -1, 1, Iqty, nval, Ierr, LOG) 
specy_group_qty(Nloop+I+1) = Iqty(l)

220 CONTINUE
READ (INP,'(A)',END=5000) LINE 
ILEN = IPPLEN(LINE)
CALL CKISUB (LINE(:ILEN), SUB, NSUB) 
specy_group (Nloop+1) ■= SUB (3)
call IPPARI (SUB(5), -1, 1, Iqty, nval, Ierr, LOG) 
specy_group_qty(Nloop+1) = Iqty(l)

ENDIF
ENDIF

C WRITE(LST,*)LINE
C READ (INP,'(A)',END=5000) LINE
C READ (INP,'(A)',END=5000) LINE
C READ (INP,1(A)',END=5000) LINE

250 CONTINUE
READ (INP,'(A)',END=5000) LINE 
ILEN = IPPLEN(LINE)
CALL CKISUB (LINE(:ILEN), SUB, NSUB)
CALL CKCOMP ( UPCASE(SUB(1), 4) , KEY2, 3, NKEY2)

C WRITE(*,*)UPCASE(SUB(1) , 4)
IF (NKEY2.EQ.0) GO TO 250 
IF (NKEY2.EQ.3) GO TO 280 
IF (NKEY2.EQ.2) THEN

call IPPARR (SUB(2), -1, 1, rotor, nval, Ierr, LOG)
IF (Ierr.NE. 0) GO TO 6000 
specy_rotor = rotor(1)

C READ (INP,'(A)',END=5000) LINE
C ILEN = IPPLEN(LINE)
C CALL CKISUB (LINE(:ILEN), SUB, NSUB)
C call IPPARI (SUB(2), -1, 1, I symmetry, nval, Ierr, LOG)
C IF (Ierr.NE. 0) GO TO 6000
C specy_symmetry = Isymmetry(1)

ELSE
call IPPARI (SUB(2), -1, 1, Isymmetry, nval, Ierr, LOG)

C write(*,*)line
C write(*,*)s u b (2)

IF (Ierr.NE. 0) GO TO 6000 
specy_symmetry = Isymmetry(1)

ENDIF 
GO TO 250

C
280 CONTINUE

write(LST, 300)specy_name,specy_formula,
2 specy_symmetry, specy_rotor

300 format (A12, ' \A12,' ',14,' ' , F4 . 1)
C write(LST,300)specy_name(:ILASCH(specy_name)),
C 1 specy_formula(:ILASCH(specy_name)),
C 2 specy_symmetry, specy_rotor
C 300 format(A,' ',A,' ',13,' ',F4.1) 
c Index = 1

Itotal = 0
DO 350 J = 1, Ngroup

Itotal = Itotal + 1 
NAME(Itotal:Itotal) = ' '
Index = Itotal + 1
Iname = IPPLEN(specy_group(J))
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Itotal = Itotal + Iname
NAME(Index:Itotal) = specy_group(J)
NAME (Itotal+1:Itotal+1) *» ' '
CALL CKI2CH (specy_group_qty(J) , str_int, Iname, err) 
NAME(Itotal+2:Itotal+Iname+l) » str_int 
Itotal - Itotal + 1 + Iname 

35 0 CONTINUE
ILEN = IPPLEN(NAME)

c write(*,*) 1 ..Itotal = itotal
write(1st,360)NAM E (:Itotal)

360 formate \A)
C write(LST, 310) (specy_group(J ) (:ILASCH(specy_GROUP(J))),
C 1 specy_group_qty(J)(:ILASCH(specy_GROUP(J))),J=1,Ngroup)
C 310 formate ',A, '*',1)
C
C DUMP USELESS SPECY-END INFO FOR MOLECULES AND RADICALS
C
C IF (NKEY.EQ.2) THEN
C READ (INP, ' (A) ',END=5000) LINE
C READ (INP,'(A)',END=5000) LINE
C READ (INP,'(A)',END=5000) LINE
C READ (INP, * (A) ',END=5000) LINE
C READ (INP,'(A)’,END=5000) LINE
C ELSE
C READ (INP, ' (A) ',END=5000) LINE
C READ (INP,'(A)',END=5000) LINE
C ENDIF
C

go to 100
5000 write(*,*)'... end of conversion...'

WRITE(LST, 5100)
5100 FORMAT('END') 

write(*,*)' 1
write(*,*)' new ThermCal input file created as - ',File_lst 
write(*,*) ' ' 
go to 7000

6000 write(*,*)1 ... error in input file...'
7000 continue

endc------------------------------------------------------------- c
SUBROUTINE CKISUB (LINE, SUB, NSUB)

C
C Generates an array of CHAR*(*) substrings from a CHAR*(*) string,
C using blanks or tabs as delimiters
C
C Input: LINE - a CHAR*(*) line
C Output: SUB - a CHAR*(*) array of substrings
C NSUB - number of substrings found
C A  '!' will comment out a line, or remainder of the line.
C F. Rupley, Div. 8245, 5/15/86
C----------------------------------------------------------------------------------C
C*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N) 
*****END precision > double
* * * *‘precision > single

IMPLICIT REAL (A-H,O-Z), INTEGER (I-N)
* * * * *END precision > single

CHARACTER*(*) SUB(*), LINE 
NSUB = 0

DO 5 N = 1, LEN(LINE)
IF (ICHAR(LINE(N:N)) .EQ. 9) LINE(N:N) = ' '

5 CONTINUE
C

IF (IPPLEN(LINE) .LE. 0) RETURN
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c
ILEN = ILASCH(LINE)

C
NSTART = IFIRCH(LINE)

10 CONTINUE
ISTART = NSTART 
NSUB = NSUB + 1 
SUB (NSUB) ■* ' '

C
DO 100 I = ISTART, ILEN

ILAST = INDEX(LINE(ISTART:),' ') - 1 
IF (ILAST .GT. 0) THEN

ILAST = ISTART + ILAST - 1 
ELSE

ILAST = ILEN 
ENDIF
SUB(NSUB) = LINE(ISTART:ILAST)
IF (ILAST .EQ. ILEN) RETURN

C
NSTART = ILAST + IFIRCH(LINE(ILAST+1:))

Does SUB have any slashes?

11 = INDEX(SUB(NSUB),'-')
IF (II .LE. 0) THEN

IF (LINE(NSTART:NSTART) .NE. '-’) GO TO 10 
NEND = NSTART + INDEX(LINE(NSTART+1:),'~ ') 
IND = INDEX(SUB(NSUB),' ')
SUB(NSUB)(IND:) = LINE(NSTART:NEND)
IF (NEND .EQ. ILEN) RETURN 
NSTART = NEND + IFIRCH(LINE(NEND+1:))
GO TO 10 

ENDIF
Does SUB have 2 slashes?

12 = INDEX(SUB(NSUB)(I1+1:),'~ ')
IF (12 .GT. 0) GO TO 10

C
NEND = NSTART + INDEX(LINE(NSTART+1:),'-')
IND = INDEX(SUB(NSUB),' ') + 1
SUB(NSUB)(IND:) = LINE(NSTART:NEND)
IF (NEND .EQ. ILEN) RETURN
NSTART = NEND + IFIRCH(LINE(NEND+1:))
GO TO 10 

100 CONTINUE
RETURN
ENDc------------------------------------------------------------- c
SUBROUTINE IPNPAR (LINE, NPAR, IPAR, ISTART)

C
C Returns CHARM*) IPAR substring of CHARM*) string LINE which
C contains NPAR real parameters
C
C Input: LINE - a CHARM*) line
C NPAR - number of parameters expected
C Output: IPAR - the substring of parameters only
C ISTART - the starting location of IPAR substring
C A  '!' will comment out a line, or remainder of the line.
C F. Rupley, Div. 8245, 5/14/86c------------------------------------------------------------- c
C*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N) 
C*****END precision > double 
C****‘precision > single
C IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)
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* * * * * E N D  p r e c i s i o n  > s i n g l e

C HA RACTER * ( * )  L I N E , I P A R

---------------------- F i n d  C o m m e n t  S t r i n g  ( !  s i g n i f i e s  c o m m e n t )

I L E N  =  I P P L E N ( L I N E )
I S T A R T  =  0 
N =  0
I F  ( I L E N . G T . 0 )  THEN

DO 4 0  I  =  I L E N ,  1 ,  - 1  
I S T A R T  ■= I  
I P A R  ** 1 '
I P A R  =  L I N E ( I S T A R T : I L E N )
I F  ( L I N E ( 1 : 1 ) . N E . '  ' )  THEN 

I F  ( I  . E Q .  1 )  RETURN 
I F  ( L I N E ( 1 - 1 : I —1)  . E Q .  ' ' )  THEN 

N =  N +  1
I F  (N . E Q .  NPAR) RETURN 

E N D I F  
E N D I F  

4 0  CONTINUE 
E N D I F  
RETURN 
END

c  c
SUBROUTINE I P P A R I ( S T R I N G ,  I CARD,  NEXPEC,  I V A L ,  NFOUND,  I E R R ,  LOUT) 

C B E G I N  PROLOGUE I P P A R I
C RE FER  TO I P G E T I
C DATE WR ITTEN 8 5 0 6 2 5  (YYMMDD)
C R E V I S I O N  DATE 8 5 1 7 2 5  (YYMMDD)
C CATEGORY NO.  J 3 . , J 4 . , M 2 .
C KEYWORDS PARSE
C AUTHOR C L A R K , G . L . ,  GROUP C - 3  LOS ALAMOS N A T ' L LAB
C PURPOSE P a r s e s  i n t e g e r  v a r i a b l e s  f r o m  a  c h a r a c t e r  v a r i a b l e .  C a l l e d
C b y  I P G E T I ,  t h e  I O P A K  r o u t i n e  u s e d  f o r  i n t e r a c t i v e  i n p u t .
C D E S C R I P T I O N
C
c -----------------------------------------------------------------------------------------------------------------
C I P P A R I  m a y  b e  u s e d  f o r  p a r s i n g  a n  i n p u t  r e c o r d  t h a t  c o n t a i n s  i n t e g e r  
C v a l u e s ,  b u t  w a s  r e a d  i n t o  a  c h a r a c t e r  v a r i a b l e  i n s t e a d  o f  d i r e c t l y  
C i n t o  i n t e g e r  v a r i a b l e s .
C T h e  f o l l o w i n g  b e n e f i t s  a r e  g a i n e d  b y  t h i s  a p p r o a c h :
C -  s p e c i f i c a t i o n  o f  o n l y  c e r t a i n  e l e m e n t s  o f  t h e  a r r a y  i s  a l l o w e d ,
C t h u s  l e t t i n g  t h e  o t h e r s  r e t a i n  d e f a u l t  v a l u e s
C -  v a r i a b l e  n u m b e r s  o f  v a l u e s  m a y  b e  i n p u t  i n  a  r e c o r d ,  u p  t o  a
C s p e c i f i e d  m a x i m u m
C -  c o n t r o l  r e m a i n s  w i t h  t h e  c a l l i n g  p r o g r a m  i n  c a s e  o f  a n  i n p u t
C e r r o r
C -  d i a g n o s t i c s  m a y  b e  p r i n t e d  b y  I P P A R I  t o  i n d i c a t e  t h e  n a t u r e
C o f  i n p u t  e r r o r s
C
C T h e  c o n t e n t s  o f  S T R I N G  o n  i n p u t  i n d i c a t e  w h i c h  e l e m e n t s  o f  IVAL
C a r e  t o  b e  c h a n g e d  f r o m  t h e i r  e n t r y  v a l u e s ,  a n d  v a l u e s  t o  w h i c h
C t h e y  s h o u l d  b e  c h a n g e d  o n  e x i t .  C o m m a s  a n d  b l a n k s  s e r v e  a s
C d e l i m i t e r s ,  b u t  m u l t i p l e  b l a n k s  a r e  t r e a t e d  a s  a  s i n g l e  d e l i m e t e r .
C T h u s ,  a n  i n p u t  r e c o r d  s u c h  a s :
C ' 1 ,  2 , , 4 0 0 0 0  , , 6 0 '
C i s  i n t e r p r e t e d  a s  t h e  f o l l o w i n g  s e t  o f  i n s t r u c t i o n s  b y  I P G E T R :
C
C ( 1 )  s e t  I V A L ( 1 )  =  1
C ( 2 )  s e t  I V A L ( 2 )  =  2
C ( 3 )  l e a v e  I V A L ( 3 )  u n c h a n g e d
C ( 4 )  s e t  I V A L ( 4 )  =  4 0 0 0 0
C ( 5 )  l e a v e  I V A L ( 5 )  u n c h a n g e d
C ( 6 )  s e t  I V A L ( 6 )  = 6 0
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c
C I P P A R I  w i l l  p r i n t  d i a g n o s t i c s  o n  t h e  d e f a u l t  o u t p u t  d e v i c e ,  i f  
C d e s i r e d .
C
C I P P A R I  i s  p a r t  o f  I OP AK ,  a n d  i s  w r i t t e n  i n  A N S I  FORTRAN 7 7  
C
C E x a m p l e s :
C
C A s s u m e  I VA L  =  ( 0 ,  0 ,  0 )  a n d  NEXPEC =  3 o n  e n t r y :
C
C i n p u t  s t r i n g  I VA L  o n  e x i t  I E R R  NFOUND

C ' 2 , 3  4 5  '  ( 2 ,  3 ,  4 5 )  0 3
C ’ 2 . 1 5 , , 3 ’ ( 2 ,  0 ,  3 )  1 0
C 13 X ,  2 5 ,  2 '  ( 0 ,  0 ,  0 )  1 0
C ' 1 0 0 0 0 '  ( 1 0 0 0 0 ,  0 ,  0 )  2 1
C
C A s s u m e  I VA L  =  ( 0 ,  0 ,  0 ,  0 )  a n d  NEXPEC =  - 4  o n  e n t r y :
C
C i n p u t  s t r i n g  I VA L  o n  e x i t  I E R R  NFOUND

C ' 1 ,  2 '  ( 1 ,  2 )  0 2
C ' , , 3 7  4 0 0 '  ( 0 ,  0 ,  3 7 ,  4 0 0 )  0 4
C ' 1 ,  , - 3 , , 5 '  ( 1 ,  0 ,  - 3 ,  0 )  3 4
C
C a r g u m e n t s :  ( l = i n p u t , O = o u t p u t )
c ----------------------------------------------
C S T R I N G  ( I )  -  t h e  c h a r a c t e r  s t r i n g  t o  b e  p a r s e d .
C
C ICARD ( I )  -  d a t a  s t a t e m e n t  n u m b e r ,  a n d  e r r o r  p r o c e s s i n g  f l a g
C < 0 : n o  e r r o r  m e s s a g e s  p r i n t e d
C =  0 : p r i n t  e r r o r  m e s s a g e s ,  b u t  n o t  ICARD
C > 0  : p r i n t  e r r o r  m e s s a g e s ,  a n d  ICARD
C
C NEXPEC ( I )  -  n u m b e r  o f  r e a l  v a r i a b l e s  e x p e c t e d  t o  b e  i n p u t .  I f
C < 0 ,  t h e  n u m b e r  i s  u n k n o w n ,  a n d  a n y  n u m b e r  o f  v a l u e s
C b e t w e e n  0 a n d  a b s ( n e x p e c )  m a y  b e  i n p u t .  ( s e e  NFOUND)
C
C PROMPT ( I )  -  p r o m p t i n g  s t r i n g ,  c h a r a c t e r  t y p e .  A  q u e s t i o n  
C m a r k  w i l l  b e  a d d e d  t o  f o r m  t h e  p r o m p t  a t  t h e  s c r e e n .
C
C I V A L  ( 1 , 0 )  -  t h e  i n t e g e r  v a l u e  o r  v a l u e s  t o  b e  m o d i f i e d .  On  e n t r y ,
C t h e  v a l u e s  a r e  p r i n t e d  a s  d e f a u l t s .  T h e  f o r m a l  p a r a m e t e r
C c o r r e s p o n d i n g  t o  IVAL m u s t  b e  d i m e n s i o n e d  a t  l e a s t  N E X P E C

C i n  t h e  c a l l i n g  p r o g r a m  i f  NEXPEC > 1 .
C
C NFOUND (O) -  t h e  n u m b e r  o f  r e a l  v a l u e s  r e p r e s e n t e d  i n  S T R I N G ,
C o n l y  i n  t h e  c a s e  t h a t  t h e r e  w e r e  a s  m a n y  o r  l e s s  t h a n
C NE XP EC .
C
C I E R R  ( 0 )  -  e r r o r  f l a g :
C =  0  i f  n o  e r r o r s  f o u n d
C = 1  s y n t a x  e r r o r s  o r  i l l e g a l  v a l u e s  f o u n d
C = 2  f o r  t o o  f e w  v a l u e s  f o u n d  (NFOUND < NEXPEC)
C = 3  f o r  t o o  m a n y  v a l u e s  f o u n d  (NFOUND > NEXPEC)
c--------------------------------------------------------------------------------------------------------------
c
C R E FER ENC ES (NONE)
C ROU TI NES  CALLED I F I R C H , I L A S C H  
C END PROLOGUE I P P A R I  
C * * * * * p r e c i s i o n  > d o u b l e

I M P L I C I T  DOUBLE P R E C I S I O N  ( A - H , 0 - Z ) ,  I NTE GER  ( I - N )
* * * * * e n d  p r e c i s i o n  >  d o u b l e

* * * * * p r e c i s i o n  > s i n g l e
I M P L I C I T  REAL ( A - H , 0 - Z ) ,  I NT E G ER  ( I - N )



274

C * * * * * E N D  p r e c i s i o n  >  s i n g l e  
C
c

CHARACTER S T R I N G * ( * ) ,  I T E M P * 8 0  
D I ME NS IO N  I V A L ( * )
CHARACTER * 8  F M T ( 1 4 )
L O GI CA L  OKINCR

C
C F I R S T  EXECUTABLE STATEMENT I P P A R I  

I E R R  "  0 
NFOUND =  0 
NEXP =  I A B S ( N E X P E C )
I E  ■= I L A S CH  ( S T RI N G )
I F  ( I E  . E Q .  0 )  GO TO 5 0 0  
NC =  1

C
C  OKI NCR i s  a  f l a g  t h a t  i n d i c a t e s  i t ' s  OK t o  i n c r e m e n t
C   NFOUND,  t h e  i n d e x  o f  t h e  a r r a y  i n t o  w h i c h  t h e  v a l u e
C   s h o u l d  b e  r e a d .  I t  i s  s e t  f a l s e  w h e n  a  s p a c e  f o l l o w s
C  a n  i n t e g e r  v a l u e  s u b s t r i n g ,  t o  k e e p  i n c r e m e n t i n g  f r o m
C   o c c u r r i n g  i f  a  c o m m a  s h o u l d  b e  e n c o u n t e r e d  b e f o r e  t h e
C  n e x t  v a l u e .
c

OKI NCR = . T R U E .
C
C   b e g i n  o v e r a l l  l o o p  o n  c h a r a c t e r s  i n  s t r i n g
C
1 0 0  CONTINUE 
C

I F  ( S T R I N G ( N C : NC) . E Q .  ' , ' )  THEN 
I F  (OKINCR . O R .  NC . E Q .  I E )  THEN 

NFOUND ■= NFOUND + 1 
E L S E

OKINCR =  . T R U E .
E N D I F

C
GO TO 4 5 0  

E N D I F
I F  ( S T R I N G ( N C : NC) . E Q .  ' ' )  GO TO 4 5 0

C
C   f i r s t  g o o d  c h a r a c t e r  ( n o n - d e l i m e t e r )  f o u n d  -  n o w  f i n d
C   l a s t  g o o d  c h a r a c t e r
C

I B S  =  NC 
1 6 0  CONTINUE

NC =  NC + 1
I F  (NC . G T .  I E )  GO TO 1 8 0  
I F  ( S T R I N G ( N C : N C )  . E Q .  ' 1 ) THEN 

OKI NCR =  . F A L S E .
E L S E I F  ( S T R I N G ( N C : N C )  . E Q .  ' , ' ) THEN 

OKI NCR =  . T R U E .
E L S E

GO TO 1 6 0  
E N D I F

C
C  e n d  o f  s u b s t r i n g  f o u n d  -  r e a d  v a l u e  i n t o  i n t e g e r  a r r a y
C
1 8 0  CONTINUE

NFOUND =  NFOUND + 1 
I F  (NFOUND . G T .  NEXP)  THEN 

I E R R  =  3 
GO TO 5 0 0  

E N D I F
C

I E S  =  NC -  1
NCH =  I E S  -  I B S  +  1
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DATA F M T / '  ( I I ) ’ , 1 ( 1 2 ) ' ,  1 ( 1 3 ) ' ,  ' ( 1 4 ) ' ,  ' ( 1 5 ) ' ,
1 ’ ( 1 6 ) ’ , 1 ( 1 7 ) ' ,  ’ ( 1 8 ) ’ , ’ ( 1 9 ) ' ,  ' ( 1 1 0 ) ' ,
2 ' ( 1 1 1 ) ' ,  ' ( 1 1 2 ) ' ,  ' ( 1 1 3 ) ' ,  ’ ( 1 1 4 ) ' /

IT E M P  =  ' '
ITE MP  =  S T R I N G ( I B S : I E S )
READ ( I T E M P ( 1 : N C H ) , FMT(NCH)  , ERR =  4 0 0 )  IVAL( NFOUND)
GO TO 4 5 0  

4 0 0  CONTINUE 
I E R R  =  1 
GO TO 5 1 0  

4 5 0  CONTINUE
NC =  NC +  1
I F  (NC . L E .  I E )  GO TO 1 0 0

C
5 0 0  CONTINUE

I F  (NEXPEC . G T .  0  . A N D .  NFOUND . L T .  NEXP)  I E R R  =  2 
5 1 0  CONTINUE 
C

I F  ( I E R R  . E Q .  0 . O R .  ICARD . L T .  0 ) RETURN 
I F  ( IC A RD  . N E .  0 )  WR IT E (LOUT,  ' ( A , 1 3 ) ' )

1 ' ! !  ERROR I N  DATA STATEMENT N UM BE R' ,  ICARD
I F  ( I E R R  . E Q .  1)

1 W R I TE  (LOUT,  ' ( A ) ' ) ' SYNTAX ERROR,  OR I L L E GA L  VALUE'
I F  ( I E R R  . E Q .  2 )  WR I TE  (LOUT,  ' ( A ,  1 2 ,  A ,  1 2 ) ' )

1 ' TOO FEW DATA I T E M S .  NUMBER FOUND =  ' , NFOUND,
2 ’ NUMBER EXPECTED =  ' ,  NEXPEC

I F  ( I E R R  . E Q .  3 )  WR IT E (LOUT,  ' ( A ,  1 2 ) ' )
1 ' TOO MANY DATA I T E M S .  NUMBER EXPECTED = NEXPEC

END
C

S UBROUTI NE I P P A R R ( S T R I N G ,  I CARD,  NEXP EC,  RVAL,  NFOUND,  I E R R ,  LOUT) 
C B E GI N PROLOGUE I P P A R R
C REFER TO I P G E T R
C DATE W RI TTE N 8 5 0 6 2 5  (YYMMDD)
C R E V I S I O N  DATE 8 5 1 6 2 5  (YYMMDD)
C CATEGORY N O . J 3 . , J 4 . , M 2 .
C KEYWORDS PARSE
C AUTHOR C L A R K , G . L . , GROUP C - 3  LOS ALAMOS N A T ' L LAB 
C PURPOSE P a r s e s  r e a l  v a r i a b l e s  f r o m  a  c h a r a c t e r  v a r i a b l e .  C a l l e d
C b y  I P G E T R ,  t h e  I OP AK  r o u t i n e  u s e d  f o r  i n t e r a c t i v e  i n p u t .
C D E S C R I P T I O N
C
c -----------------------------------------------------------------------------------------------------------------
C I P P A R R  m a y  b e  u s e d  f o r  p a r s i n g  a n  i n p u t  r e c o r d  t h a t  c o n t a i n s  r e a l  
C v a l u e s ,  b u t  w a s  r e a d  i n t o  a  c h a r a c t e r  v a r i a b l e  i n s t e a d  o f  d i r e c t l y  
C i n t o  r e a l  v a r i a b l e s .
C T h e  f o l l o w i n g  b e n e f i t s  a r e  g a i n e d  b y  t h i s  a p p r o a c h :
C -  s p e c i f i c a t i o n  o f  o n l y  c e r t a i n  e l e m e n t s  o f  t h e  a r r a y  i s  a l l o w e d ,
C t h u s  l e t t i n g  t h e  o t h e r s  r e t a i n  d e f a u l t  v a l u e s
C -  v a r i a b l e  n u m b e r s  o f  v a l u e s  m a y  b e  i n p u t  i n  a  r e c o r d ,  u p  t o  a
C s p e c i f i e d  m a x i m u m
C -  c o n t r o l  r e m a i n s  w i t h  t h e  c a l l i n g  p r o g r a m  i n  c a s e  o f  a n  i n p u t
C e r r o r
C -  d i a g n o s t i c s  m a y  b e  p r i n t e d  b y  I P P A R R  t o  i n d i c a t e  t h e  n a t u r e
C o f  i n p u t  e r r o r s
c
C T h e  c o n t e n t s  o f  S T R I N G  o n  i n p u t  i n d i c a t e  w h i c h  e l e m e n t s  o f  RVAL
C a r e  t o  b e  c h a n g e d  f r o m  t h e i r  e n t r y  v a l u e s ,  a n d  v a l u e s  t o  w h i c h
C t h e y  s h o u l d  b e  c h a n g e d  o n  e x i t .  C o m m a s  a n d  b l a n k s  s e r v e  a s
C d e l i m i t e r s ,  b u t  m u l t i p l e  b l a n k s  a r e  t r e a t e d  a s  a  s i n g l e  d e l i m e t e r .
C T h u s ,  a n  i n p u t  r e c o r d  s u c h  a s :
C ' 1 . ,  2 , , 4 . e - 5  , , 6 . e - 6 '
C i s  i n t e r p r e t e d  a s  t h e  f o l l o w i n g  s e t  o f  i n s t r u c t i o n s  b y  I P G E T R :
C
C ( 1 )  s e t  R V A L ( 1 )  = 1 . 0
C ( 2 )  s e t  R V A L ( 2 )  = 2 . 0
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c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c-
c
c
c
c
c*

( 3 )  l e a v e  R V A L ( 3 )  u n c h a n g e d
( 4 )  s e t  R V A L ( 4 )  =  4 . 0 E - 0 5
( 5 )  l e a v e  R V A L ( 5 )  u n c h a n g e d
( 6 )  s e t  R V A L ( 6 )  =  6 . 0 E - 0 6

I P P A R R  w i l l  p r i n t  d i a g n o s t i c s  o n  t h e  d e f a u l t  o u t p u t  d e v i c e ,  i f  
d e s i r e d .

I P P A R R  i s  p a r t  o f  I O P A K,  a n d  i s  w r i t t e n  i n  A N S I  FORTRAN 7 7

E x a m p l e s :

A s s u m e  RVAL «■ ( 0 .

i n p u t  s t r i n g

' 2 . 3 4 e - 3 ,  3  4 5 . 1 '
' 2  3  - 5 '
' , 1 !  4 , 0 . 0 2 8 E 4 1 
' 1 . 0 ,  2 . a 4 , 3 . 0 '
' 1 . 0 '

) . ,  0 . )  a n d  NEXPEC =  3 o n  e n t r y :

RVAL o n  e x i t I E R R NFOUND

( 2 . 3 4 E - 0 3 ,  3 . 0 ,  4 5 . 1 ) 0 3
( 2 . 0 ,  0 . 0 ,  3 . 0 E - 0 5 ) 0 3
( 0 . 0 ,  1 . 4 ,  2 8 0 . 0 ) 0 3
( 1 . 0 ,  0 . 0 ,  0 . 0 ) 1 1
( 1 . 0 ,  0 . 0 ,  0 . 0 ) 2 1

, 0 . , 0 . )  a n d  NEXPEC =  - 4 o n  e n t r y :

RVAL o n  e x i t I E R R NFOUND

( 1 . 0 ,  2 . 0 ) 0 2
( 0 . 0 ,  0 . 0 ,  3 . 0 ,  4 . 0 ) 0 4
( 0 . 0 ,  0 . 0 ,  3 . 0 ,  0 . 0 ) 3 4

i n p u t  s t r i n g

11., 2. 1 
' , , 3  4 . 0 '
' 1 /  # 3 ,  , 5 . 0 '

a r g u m e n t s :  ( I = i n p u t , O = o u t p u t )

S T R I N G  ( I )  -  t h e  c h a r a c t e r  s t r i n g  t o  b e  p a r s e d .

ICARD ( I )  -  d a t a  s t a t e m e n t  n u m b e r ,  a n d  e r r o r  p r o c e s s i n g  f l a g
< 0 : n o  e r r o r  m e s s a g e s  p r i n t e d
=  0 : p r i n t  e r r o r  m e s s a g e s ,  b u t  n o t  ICARD 
> 0  : p r i n t  e r r o r  m e s s a g e s ,  a n d  ICARD

NEXPEC ( I )  -  n u m b e r  o f  r e a l  v a r i a b l e s  e x p e c t e d  t o  b e  i n p u t .  I f
< 0 ,  t h e  n u m b e r  i s  u n k n o w n ,  a n d  a n y  n u m b e r  o f  v a l u e s  
b e t w e e n  0 a n d  a b s ( n e x p e c )  m a y  b e  i n p u t .  ( s e e  NFOUND)

PROMPT ( I )  -  p r o m p t i n g  s t r i n g ,  c h a r a c t e r  t y p e .  A  q u e s t i o n  
m a r k  w i l l  b e  a d d e d  t o  f o r m  t h e  p r o m p t  a t  t h e  s c r e e n .

RVAL ( 1 , 0 )  -  t h e  r e a l  v a l u e  o r  v a l u e s  t o  b e  m o d i f i e d .  On e n t r y ,  
t h e  v a l u e s  a r e  p r i n t e d  a s  d e f a u l t s .  T h e  f o r m a l  p a r a m e t e r  
c o r r e s p o n d i n g  t o  RVAL m u s t  b e  d i m e n s i o n e d  a t  l e a s t  NEXPEC 
i n  t h e  c a l l i n g  p r o g r a m  i f  NEXPEC > 1 .

NFOUND ( 0 )  -  t h e  n u m b e r  o f  r e a l  v a l u e s  r e p r e s e n t e d  i n  S T R I N G ,  
o n l y  i n  t h e  c a s e  t h a t  t h e r e  w e r e  a s  m a n y  o r  l e s s  t h a n  
N E XP EC .

I E R R  ( 0 )  -  e r r o r  f l a g :
=  0 i f  n o  e r r o r s  f o u n d
=  1 s y n t a x  e r r o r s  o r  i l l e g a l  v a l u e s  f o u n d  
=  2 f o r  t o o  f e w  v a l u e s  f o u n d  (NFOUND < NEXPEC)
=  3 f o r  t o o  m a n y  v a l u e s  f o u n d  (NFOUND > NEXPEC)

REFERENCES (NONE)
ROUTI NES CALLED I F I R C H , I L A S C H  
END PROLOGUE I P P A R R  

* * * * p r e c i s i o n  > d o u b l e
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I M P L I C I T  DOUBLE P R E C I S I O N  ( A - H , 0 - Z ) ,  I NTE GER  ( I - N )  
C * * * * * E N D  p r e c i s i o n  > d o u b l e  
C
C * * * * * p r e c i s i o n  >  s i n g l e
C I M P L I C I T  REAL ( A - H , 0 - Z ) ,  I NTEGER ( I - N )
C * * * * * E N D  p r e c i s i o n  > s i n g l e  
C

CHARACTER S T R I N G * ( * ) ,  I T E M P * 8 0  
D I ME NS ION R V A L ( * )
CHARACTER * 8  F M T ( 2 2 )
LOGICAL OKI NCR

C
C F I R S T  EXECUTABLE STATEMENT I P P A R R  

I E R R  -  0 
NFOUND «  0 
NEXP =  I A B S ( N E X P E C )
I E  =  I L A S C H ( S T R I N G )
I F  ( I E  . E Q .  0 )  GO TO 5 0 0  
NC =  1

C
C   OKINCR i s  a  f l a g  t h a t  i n d i c a t e s  i t ' s  OK t o  i n c r e m e n t
C   NFOUND, t h e  i n d e x  o f  t h e  a r r a y  i n t o  w h i c h  t h e  v a l u e
C   s h o u l d  b e  r e a d .  I t  i s  s e t  n e g a t i v e  w h e n  a  s p a c e  f o l l o w s
C   a  r e a l  v a l u e  s u b s t r i n g ,  t o  k e e p  i n c r e m e n t i n g  f r o m
C   o c c u r r i n g  i f  a  c o m m a  s h o u l d  b e  e n c o u n t e r e d  b e f o r e  t h e
C   n e x t  v a l u e .
C

OKINCR =  . T R U E .
C
C  b e g i n  o v e r a l l  l o o p  o n  c h a r a c t e r s  i n  s t r i n g
C

1 0 0  CONTINUE 
C

I F  ( S T R I N G ( N C : N C ) . E Q .  ' , ' )  THEN 
I F  (OKINCR)  THEN

NFOUND = NFOUND + 1 
E LSE

OKI NCR =  . T R U E .
E N D I F

C
GO TO 4 5 0  

E N D I F
I F  ( S T R I N G ( N C : N C )  . E Q .  ' ' )  GO TO 4 5 0

C
C   f i r s t  g o o d  c h a r a c t e r  ( n o n - d e l i m e t e r )  f o u n d  -  n o w  f i n d
C   l a s t  g o o d  c h a r a c t e r
C

I B S  =  NC 
1 6 0  CONTINUE

NC =  NC + 1
I F  (NC . G T .  I E )  GO TO 1 8 0  
I F  ( S T R I N G ( N C : N C )  . E Q .  '  1 ) THEN 

OKINCR =  . F A L S E .
E L S E I F  ( S T R I N G ( N C : N C )  . E Q .  ' , ' ) THEN 

OKINCR =  . T R U E .
ELSE

GO TO 1 6 0  
E N D I F

C
C   e n d  o f  s u b s t r i n g  f o u n d  -  r e a d  v a l u e  i n t o  r e a l  a r r a y
C
1 8 0  CONTINUE

NFOUND =  NFOUND + 1 
I F  (NFOUND . G T .  NEXP)  THEN 

I E R R  =  3 
GO TO 5 0 0
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( E l . 0 )  ' 
( E 6 . 0 )  ' 

( E l l . 0 )  ' 
( E 1 6 . 0 )  ' 
( E 2 1 . 0 )  '

+ 1

( E 2 . 0 )  
( E 7 . 0 )  ' ,  

( E 1 2 . 0 )  ' ,  
( E 1 7 . 0 )  ' , 
( E 2 2 . 0 ) ' /

( E 3 . 0 ) 1 , 
( E 8 . 0 ) ' ,  

( E 1 3 . 0 ) ' ,  
( E 1 8 . 0 ) ' ,

4 0 0

5 5 5

4 5 0

C
5 0 0

5 1 0
C

E N D I F

DATA FMT /
1 ' ( E 5 . 0 ) ’ ,
2  ' ( E 1 0 . 0 ) ' ,
3  ' ( E 1 5 . 0 ) ' ,
4 ' ( E 2 0 . 0 )  1 ,

I E S  ■= NC -  1 
NCH -  I E S  -  I B S  
ITEMP =  ' '
I TEMP =  S T R I N G ( I B S : I E S )
READ ( I T E M P ( 1 : N C H ) , F M T ( N C H ) , ERR =  4 0 0 )  RVAL(NFOUND)
GO TO 4 5 0
CONTINUE
WRITE (LOUT,  5 5 5 )  S T R I N G ( I B S : I E S )
FORMAT (A)
I E R R  =  1 
GO TO 5 1 0  
CONTINUE 
NC =  NC +  1
I F  (NC . L E .  I E )  GO TO 1 0 0

( E 4 . 0 )  
( E 9 . 0 ) ' ,  

( E 1 4 . 0 )  ' , 
( E 1 9 . 0 )  ' ,

CONTINUE 
I F  (NEXPEC 
CONTINUE

. G T .  0 . AN D .  NFOUND . L T .  NEXP)  I E R R

I F  ( I E R R  . E Q .  0  . O R .  ICARD . L T .  0 )  RETURN 
I F  ( IC ARD . N E .  0 )  WR I TE  (LOUT,  ' ( A , 1 3 ) ' )

1 ' ! !  ERROR I N  DATA STATEMENT N U M BE R ' ,  ICARD
I F  ( I E R R  . E Q .  1)

1 WR ITE  (LOUT,  ' ( A ) ' ) ' SYNTAX ERROR,  OR I L L EG A L  VALUE'
I F  ( I E R R  . E Q .  2 )  WR ITE  (LOUT,  ' ( A , 1 2 ,  A ,  1 2 ) ' )

1 ' TOO FEW DATA I T E M S .  NUMBER FOUND =  ' , NFOUND,
2 ' NUMBER EXPECTED =  ' , NEXPEC

I F  ( I E R R  . E Q .  3 )  WR ITE  (LOUT,  ' ( A , 1 2 ) ' )
1 ' TOO MANY DATA I T E M S .  NUMBER EXPECTED =  ' ,  NEXPEC

END
C

FUNCTION I F I R C H ( S T R I N G )
C B E GI N PROLOGUE I F I R C H
C DATE WRITTEN 8 5 0 6 2 6
C R E V I S I O N  DATE 8 5 0 6 2 6
C CATEGORY NO.  M 4 .
C KEYWORDS CHARACTER S T R I N G S , S I G N I F I C A N T  CHARACTERS
C AUTHOR C L A R K , G . L . , GROUP C - 3  LOS ALAMOS N A T ' L LAB
C PURPOSE D e t e r m i n e s  f i r s t  s i g n i f i c a n t  ( n o n - b l a n k )  c h a r a c t e r  
C i n  c h a r a c t e r  v a r i a b l e
C D E S C R I P T I O N
C
c---------------------------------------------------------------------------------------------------------------
C I F I R C H  l o c a t e s  t h e  f i r s t  n o n - b l a n k  c h a r a c t e r  i n  a  s t r i n g  o f  
C a r b i t r a r y  l e n g t h .  I f  n o  c h a r a c t e r s  a r e  f o u n d ,  I F I R C H  i s  s e t  =  0 .
C W h e n  u s e d  w i t h  t h e  c o m p a n i o n  r o u t i n e  I L A S C H ,  t h e  l e n g t h  o f  a  s t r i n g  
C c a n  b e  d e t e r m i n e d ,  a n d / o r  a  c o n c a t e n a t e d  s u b s t r i n g  c o n t a i n i n g  t h e  
C s i g n i f i c a n t  c h a r a c t e r s  p r o d u c e d .
c---------------------------------------------------------------------------------------------------------------
c
C REFERENCES (NONE)
C ROUTINES CALLED (NONE)
C END PROLOGUE I F I R C H
C * * * * * p r e c i s i o n  > d o u b l e

I M P L I C I T  DOUBLE P R E C I S I O N  ( A - H , 0 - Z ) ,  I NT E G ER  ( I - N )
* * * * * E N D  p r e c i s i o n  > d o u b l e

“ ‘ “ p r e c i s i o n  > s i n g l e
I M P L I C I T  REAL ( A - H , 0 - Z ) I NTEGER ( I - N )
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C * * * * * E N D  p r e c i s i o n  > s i n g l e  
C

CHARACTER* ( * ) S T R I N G
C
C F I R S T  EXECUTABLE STATEMENT I F I R C H  

NLOOP «= LEN ( S T RI N G )
C

I F  (NLOOP . E Q .  0 )  THEN 
I F I R C H  =  0 
RETURN 

E N D I F
C

DO 1 0 0  I  -  1 ,  NLOOP
I F  ( S T R I N G ( I : I ) . N E .  ' ’ ) GO TO 1 2 0  

1 0 0  CONTINUE 
C

I F I R C H  =  0 
RETURN 

1 2 0  CONTINUE
I F I R C H  =  I  
END
FUNCTION I L A S C H ( S T R I N G )

C BEGI N PROLOGUE I LA S CH
C DATE WR I TTE N 8 5 0 6 2 6
C R E V I S I O N  DATE 8 5 0 6 2 6
C CATEGORY NO.  M4 .
C KEYWORDS CHARACTER S T R I N G S , S I G N I F I C A N T  CHARACTERS
C AUTHOR C L A R K , G . L . , GROUP C - 3  LOS ALAMOS N A T ' L LAB
C PURPOSE D e t e r m i n e s  l a s t  s i g n i f i c a n t  ( n o n - b l a n k )  c h a r a c t e r
C i n  c h a r a c t e r  v a r i a b l e
C D E S C R I P T I O N
C
c -------------------------------------------------------------------------------------------------------------
C I F I R C H  l o c a t e s  t h e  l a s t  n o n - b l a n k  c h a r a c t e r  i n  a  s t r i n g  o f
C a r b i t r a r y  l e n g t h .  I f  n o  c h a r a c t e r s  a r e  f o u n d ,  I L A S C H  i s  s e t  =  0 .
C W h e n  u s e d  w i t h  t h e  c o m p a n i o n  r o u t i n e  I F I R C H ,  t h e  l e n g t h  o f  a  s t r i n g
C c a n  b e  d e t e r m i n e d ,  a n d / o r  a  c o n c a t e n a t e d  s u b s t r i n g  c o n t a i n i n g  t h e  
C s i g n i f i c a n t  c h a r a c t e r s  p r o d u c e d .
C N o t e  t h a t  t h e  FORTRAN i n t r i n s i c  f u n c t i o n  LEN r e t u r n s  t h e  l e n g t h
C o f  a  c h a r a c t e r  s t r i n g  a s  d e c l a r e d ,  r a t h e r  t h a n  a s  f i l l e d .  T h e
C d e c l a r e d  l e n g t h  i n c l u d e s  l e a d i n g  a n d  t r a i l i n g  b l a n k s ,  a n d  t h u s  i s
C n o t  u s e f u l  i n  g e n e r a t i n g  ' s i g n i f i c a n t '  s u b s t r i n g s .
c --------------------------------------------------------------------------------------------------------------
c
C REFERENCES (NONE)
C ROUTINES CALLED (NONE)
C END PROLOGUE I F I R C H
C * * * * * p r e c i s i o n  > d o u b l e

I M P L I C I T  DOUBLE P R E C I S I O N  ( A - H , 0 - Z ) ,  I NTE GER  ( I - N )
* * * * * E N D  p r e c i s i o n  > d o u b l e

* * * * * p r e c i s i o n  > s i n g l e
I M P L I C I T  REAL ( A - H ,  O - Z ) ,  I NTEGER ( I - N )

* * * * * E N D  p r e c i s i o n  > s i n g l e

CHA RACTER * ( * )  S T R I N G

** * F I R S T  EXECUTABLE STATEMENT I LAS CH 
NLOOP =  L E N ( S T R I N G )
I F  ( N L O O P . E Q . 0 )  THEN 

I L A S CH  =  0 
RETURN 

E N D I F
C

DO 1 0 0  I  =  NLOOP,  1 ,  - 1
I F  ( S T R I N G ( 1 : 1 )  . N E .  ' ' )  GO TO 1 2 0
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1 0 0  CONTINUE 
C
1 2 0  CONTINUE

I L A S C H  =  I  
END

C
C
C
C
C
C
C
C
C
C
C
C
C
C
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c *

c *
c*
c
c*
c

SUBROUTINE CKCOMP ( 1 S T ,  I R A Y ,  I I ,  I )

START PROLOGUE

SUBROUTI NE CKCOMP ( 1 S T ,  I R A Y ,  I I ,  I ) *
R e t u r n s  t h e  i n d e x  o f  a n  e l e m e n t  o f  a  r e f e r e n c e  c h a r a c t e r  
s t r i n g  a r r a y  w h i c h  c o r r e s p o n d s  t o  a  c h a r a c t e r  s t r i n g ;  
l e a d i n g  a n d  t r a i l i n g  b l a n k s  a r e  i g n o r e d .

I N P UT
1 S T

IRAY -

I I

OUTPUT
I

A  c h a r a c t e r  s t r i n g .
D a t a  t y p e  -  C HA RA C T ER * ( * )  

A n  a r r a y  o f  c h a r a c t e r  s t r i n g s ;  
d i m e n s i o n  I R A Y ( * )  a t  l e a s t  I I  

D a t a  t y p e  -  C H A R A C T ER * ( * )  
T h e  l e n g t h  o f  I R AY .

D a t a  t y p e  -  i n t e g e r  s c a l a r .

T h e  f i r s t  i n t e g e r  l o c a t i o n  i n  I R A Y  i n  w h i c h  1 S T  
c o r r e s p o n d s  t o  I R A Y ( I ) ;  i f  1 S T  i s  n o t  a l s o  a n  
e n t r y  i n  I R AY ,  1 = 0 .

END PROLOGUE

* * * * p r e c i s i o n  > d o u b l e
I M P L I C I T  DOUBLE P R E C I S I O N  ( A - H , 0 - Z

* * * *END p r e c i s i o n  > d o u b l e  
* * * * p r e c i s i o n  > s i n g l e

I M P L I C I T  REAL ( A - H , 0 - Z ) ,  I NTE GER  ( I - N )
* * * *END p r e c i s i o n  > s i n g l e

C H A R A C T ER * ( * )  1 S T ,  I R A Y ( * )

I NTE GER  ( I - N )

1 =  0
DO 1 0  N =  I I ,  1 ,  - 1

1 5 1  = I F I R C H ( 1 S T )
1 5 2  =  I L A S C H ( 1 S T )
I R 1  =  I F I R C H ( I R A Y ( N ) ) 
I R 2  =  I L A S C H ( I R A Y ( N ) ) 
I F  ( I S 2 . G E . I S 1  . AND.

L I R 2 . G E . I R 1  . AND.
I S 2 . G T . 0
I R 2 . G T . 0

■ AND.
■ AND.

10
I S T ( I S 1 : I S 2 ) . E Q . I R A Y ( N ) ( I R 1 : I R 2 )  ) I = N

CONTINUE
RETURN
END

SUBROUTI NE CKUNIT  ( L I N E ,  A U N I T S ,  E U N I T S ,  I U N I T S )
C
C * * * * * p r e c i s i 0 n  > d o u b l e

I M P L I C I T  DOUBLE P R E C I S I O N  ( A - H . O - Z ) ,  I N TE G E R  ( I - N )  
C * * * * * E N D  p r e c i s i o n  >  d o u b l e  
C * * * * * p r e c i s i o n  > s i n g l e
C I M P L I C I T  REAL ( A - H , 0 - Z ) ,  I NTE GER  ( I - N )
C * * * * * E N D  p r e c i s i o n  >  s i n g l e

C H A R A C T ER * ( * )  L I N E ,  I U N I T S ,  A U N I T S ,  E UN I T S  
CHARACTER*4 UPCASE
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c
A U N I T S  =  ' '
E U N I T S  =  '  '
I U N I T S  =  ’ '
DO 8 5  N »  1 ,  I L A S C H ( L I N E ) - 3  

I N D  =  I L A S C H ( I U N I T S )
I F  ( E U N I T S  . E Q .  ' ' )  THEN

I F  ( U P C A S E ( L I N E ( N : ) ,  4 )  . E Q .  1C A L / ' )  THEN
E U N I T S  =  ' C A L / '
I F  ( I U N I T S  . E Q .  • ' )  THEN

I U N I T S  «  ' E  u n i t s  c a l / m o l e 1 
E L S E

I U N I T S  ( I N D : )  =  ' ,  E  u n i t s  c a l / m o l e '
E N D I F

E L S E I F  ( U P C A S E ( L I N E ( N : ) ,  4 )  . E Q .  ' KCAL' )  THEN 
E U N I T S  =  ' K C AL '
I F  ( I U N I T S  . E Q .  ' ' )  THEN

I U N I T S  =  ’ E  u n i t s  K c a l / m o l e '
E L S E

I U N I T S ( I N D : )  =  ' ,  E u n i t s  K c a l / m o l e '
E N D I F

E L S E I F  ( U P C A S E ( L I N E ( N : ) ,  4 )  . E Q .  ' J O U L ' )  THEN 
E U N I T S  =  ' J O U L '
I F  ( I U N I T S  . E Q .  ' ' )  THEN

I U N I T S  ■= ' E  u n i t s  J o u l e s / m o l e '
E LS E

I U N I T S ( I N D : )  = ' ,  E u n i t s  J o u l e s / m o l e '
E N D I F

E L S E I F  ( U P C A S E ( L I N E ( N : ) , 4 )  . E Q .  ' K J O U ' )  THEN 
E U N I T S  =  ' K J O U '
I F  ( I U N I T S  . E Q .  ' ' )  THEN

I U N I T S  =  ' E  u n i t s  K j o u l e / m o l e '
E LS E

I U N I T S ( I N D : )  = ' ,  E u n i t s  K j o u l e / m o l e '
E N D I F

E L S E I F  ( U P C A S E ( L I N E ( N : ) ,  4 )  . E Q .  ' K E L V ' )  THEN 
E U N I T S  =  ' K E L V '
I F  ( I U N I T S  . E Q .  ' ' )  THEN

I U N I T S  =  ' E  u n i t s  K e l v i n s ’
E LS E

I U N I T S ( I N D : )  =  ' ,  E u n i t s  K e l v i n s '
E N D I F

E N D I F
E N D I F
I F  ( AU N I TS  . E Q .  ' ' )  THEN

I F  ( U P C A S E ( L I N E ( N : ) , 4 )  . E Q .  ' M O L E ' )  THEN 
I F  ( U P C A S E ( L I N E ( N + 4 : )  , 1 )  . E Q .  ' S ' )  THEN 

A U N I T S  =  ' MOLE '
I F  ( I U N I T S  . E Q .  ' ' )  THEN

I U N I T S  = ' A  u n i t s  m o l e - c m - s e c - K '
E LSE

I U N I T S ( I N D : )  =  ' ,  A  u n i t s  m o l e - c m - s e c - K '  
E N D I F

E L S E I F  ( U P C A S E ( L I N E ( N + 4 : ) ,  4)  . E Q .  ' C U L E ' )  THEN 
A U N I T S  =  ' MOLC'
I F  ( I U N I T S  . E Q .  ' ' )  THEN

I U N I T S  = ' A  u n i t s  m o l e c u l e s '
E L S E

I U N I T S ( I N D : )  =  ' ,  A  u n i t s  m o l e c u l e s '
E N D I F  

E N D I F  
E N D I F  

E N D I F  
8 5  CONTINUE

C
I F  ( AU N I TS  . E Q .  ' ' )  THEN
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A U N I T S  =  ' M O L E 1
IND = ILASCH(IUNITS) + 1
I F  (IND .GT. 1) THEN

IUNITS(IND:)  = ' ,  A u n i t s  m o l e - c m - s e c - K '
E L S E

IUNITS(IND:)  = ' A u n i t s  m o l e - c m - s e c - K '
E N D I F

E N D I F
C

I F  (EUNITS .EQ. ' ’ ) THEN 
EUNITS = 'CAL/ '
IND = ILASCH(IUNITS) + 1 
I F  (IND .GT. 1) THEN

IUNITS(IND:)  «= E u n i t s  c a l / m o l e ’
E L S E

I U N I T S ( I N D : )  =  ' E  u n i t s  c a l / m o l e '
ENDIF

ENDIF
C

RETURN
END

 c

INTEGER FUNCTION IPPLEN (LINE)

BEGIN PROLOGUE

FUNCTION IPPLEN (LINE)
R e t u r n s  t h e  e f f e c t i v e  l e n g t h  o f  a c h a r a c t e r  s t r i n g ,  i . e . ,  
t h e  i n d e x  o f  t h e  l a s t  c h a r a c t e r  b e f o r e  an e x c l a m a t i o n  mark (!)  
i n d i c a t i n g  a comment .

INPUT
LINE -  A c h a r a c t e r  s t r i n g .

OUTPUT
IPPLEN -  The e f f e c t i v e  l e n g t h  o f  t h e  c h a r a c t e r  s t r i n g .

END PROLOGUE

* * * * * p r e c i s i o n  > d o u b l e
IMPLICIT DOUBLE PRECISION (A - H ,0 - Z ) ,  INTEGER (I-N)

*****END p r e c i s i o n  > d o u b l e  
****‘ p r e c i s i o n  > s i n g l e

IMPLICIT REAL (A - H ,0 - Z ) ,  INTEGER (I-N)
*****END p r e c i s i o n  > s i n g l e

CHARACTER LINE*(*)
C

IN = IFIRCH(LINE)
I F  ( I N .E Q . 0 .OR. L I N E ( I N : I N ) . E Q . ' ! ' )  THEN 

IPPLEN = 0 
ELSE

IN = INDEX(LINE, ' ! ' )
I F  (IN .EQ. 0) THEN

IPPLEN = ILASCH(LINE)
ELSE

IPPLEN = ILASCH(LINE( : I N - 1 ))
ENDIF

ENDIF
RETURN
END

C
CHARACTER*(*) FUNCTION UPCASE(ISTR, ILEN)
CHARACTER I S T R * (* ) ,  LCASE(26)*1,  UCASE(26)*1
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DATA LCASE / ' a ' , ' b ' , ' d 1, ' e ' , ' g ' , ' h ' , • i • / ' j ' / ' k 1 , ' 1
1 ' n ' , ' o ' , ' P \ ' q '  / ' r \ ' s '  , ■ t ' ,  ' u ' , ' v ' , ' W , • x \ ■y
2 UCASE / ’A ' , ’B' , • C' , ' D ' , • E \ ' F 1 , ’G ' , ' H ' , ' I ' / 1 J  1 / ■ K ' , ■L
3 ’N \ ' O ’ , ’ P ’ , ‘Q \ ' R ' , ' S ’ , • T ' , ’U’ , ’V' , - W’ , ' X ' , 1 Y

c
UPCASE = • 1
UPCASE = I S T R ( : ILEN)
J J  = MIN (LEN (UPCASE) , LEN ( ISTR) ,  ILEN)
DO 10 J  = 1,  J J  

DO 10 N = 1 , 2 6
I F  ( IS T R(J : J )  .EQ. LCASE(N)) UPCASE(J:J)  = UCASE(N) 

10 CONTINUE
RETURN
END
SUBROUTINE CKI2CH (NUM, STR, I ,  KERR)

C
C
r

START PROLOGUE

c SUBROUTINE CKI2CH (NUM, STR, I ,  KERR)
c R e t u r n s a c h a r a c t e r  s t r i n g  r e p r e s e n t a t i o n  o f  an i n t e g e r
c
c

and  t h e e f f e c t i v e  l e n g t h  o f  t h e  s t r i n g .

c INPUT
c NUM A number  t o  be c o n v e r t e d  t o  a c h a r a c t e r  s t r i n g ;
c t h e  maximum m a g n i t u d e  o f  NUM i s  m a c h i n e - d e p e n d e n t .
c
c

D a ta  t y p e  -  i n t e g e r  s c a l a r .

c OUTPUT
c STR A l e f t - j u s t i f i e d  c h a r a c t e r  s t r i n g  r e p r e s e n t i n g  NUM
c D a ta  t y p e  -  CHARACTER*(*)
c I The e f f e c t i v e  l e n g t h  o f  t h e  c h a r a c t e r  s t r i n g
c D a ta  t y p e  -  i n t e g e r  s c a l a r
c KERR - E r r o r  f l a g ;  c h a r a c t e r  l e n g t h  e r r o r s  w i l l  r e s u l t  i n
c KERR=. TRUE.
c
c

D at a  t y p e  -  l o g i c a l

c
c

END PROLOGUE

C*****precision > double
I M P L I C I T  DOUBLE P R E C I S I O N  ( A - H , 0 - Z ) ,  I NTEGER ( I - N )  

* * * * * E N D  precision > double 
*****precision > single

I M P L I C I T  REAL ( A - H , 0 - Z ) ,  I NTE GER  ( I - N )
* * * * * E N D  precision > single

CHARACTER S T R * ( * ) ,  1 S T ( 1 0 ) * ( 1 )
L O GI CA L  KERR
DATA I S T / ' O ' ,  ' I ' , ' 2 ' , ' 3 ' , ' 4 ' , ' 5 ' , ' 6 ' , ' 7 ' , ' 8 ' , ' 9 ' /  
B I G I  =  2 1 4 7 4 8 3 6 4 7 .

1 =  0
S TR  =  ' 1
I L E N  =  L E N ( S T R )
KERR =  . F A L S E .
I F  ( I L E N . L T . 1 . O R .  A B S ( N U M ) . G T . B I G I ) THEN 

KERR =  . T R U E .
RETURN

E N D I F

I F  (NUM . E Q .  0 )  THEN 
S TR  =  ' O '
1 =  1 
RETURN 

E L S E I F  (NUM . L T .  0 )  THEN 
S T R ( 1 : )  =

E N D I F
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c
INUM =  ABS(NUM)
NCOL -  N I N T ( L O G 1 0 ( R E A L ( I N U M ) ) )  + 1

C
DO 1 0  J  «  NCOL,  1 ,  - 1

I D I V  «  INUM /  1 0 . 0 * * ( J - l )
I F  ( J . E Q . N C O L  .AND.  I D I V . E Q . O )  GO TO 1 0  
LT  =  I L A S C H ( S T R )
I F  (LT  . E Q .  I L E N )  THEN 

S TR  =  ' '
KERR =  . T R U E .
RETURN

E N D I F
S T R ( L T + 1 : )  =  1 S T ( I D I V + 1 )
INUM =  INUM -  I D I V * 1 0 . 0 * * ( J - l )

1 0  CONTINUE
I  ■= I L A S C H  ( ST R)

C
RETURN
END

S UBROUTI NE THER M_I O(ERR OR)
C

I M P L I C I T  NONE 
I NCLUDE ' T HM_ P AR 3 . F I '

C
C CHARACTER FIL E_ NAME  * 2 0
C I N T E G ER  I D O T ,  I S T A R T ,  I F I R C H

LOGIC AL ERROR
C

ERROR =  . F A L S E .
5 W R I T E ( * ,  1 0 )

1 0  FORMAT( 1 P l e a s e  e n t e r  t h e  i n p u t  f i l e  n a m e  : ' )
R E A D ( * , '  ( A 2 0 )  ' ) F I L E _ I N P
O P E N ( I N P , F I L E = F I L E _ I N P , S T A T U S = 1 O L D 1 , E R R = 3 0 )
GO TO 5 0  

3 0  CONTINUE
W R I T E ( * ,  4 0 ) F I L E _ I N P  

4 0  FORMAT( '  C a n  n o t  f i n d  f i l e  : ' , A 2 0 )
GO TO 5 

5 0  CONTINUE
C

ERROR =  . F A L S E .
5 5  W R I T E ( * , 1 1 0 )

1 1 0  FORMAT( '  P l e a s e  e n t e r  t h e  o u t p u t  s o r t e d  f i l e  n a m e  : ' )
R E A D ( * , ' ( A 2 0 ) ’ ) F I L E _ O U T
O P E N ( L O U T , F I L E = F I L E _ O U T ,  S T A T U S = ' UNKNOWN' , E R R = 1 3 0 )
C L O S E ( L O U T , s t a t u s = ' d e l e t e ' )
O P E N ( L O U T , F I L E = F I L E _ O U T ,  S T A T U S = 1 N E W ' , E R R = 1 3 0 )
GO TO 1 5 0  

1 3 0  CONTINUE
W R I T E ( * , 1 4 0 ) F I L E J D U T  

1 4 0  FORMAT( '  F i l e  I / O  E r r o r  : ' , A 2 0 )
GO TO 3 5 0  

1 5 0  CONTINUE
C

F I L E _ L O G  ■= 1 THE RMS R T . L O G '
C

O P E N ( L O G , F I L E = F I L E _ L O G , S T A T U S = ' UNKNOWN1, E R R = 2 3 0 )
C L O S E ( L O G , s t a t u s  = ’ d e l e t e '  )
O P E N ( L O G , F I L E = F I L E _ L O G , S T A T U S = ' NEW' , ERR=2  3 0)
GO TO 4 5 0  

2 3 0  CONTINUE
W R I T E ( * , 2 4 0 ) F I L E _ L O G
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2 4 0  FORMAT ( '  F i l e  I / O  E r r o r  : \ A 2 0 )  
ERROR =  - T R U E .
GO TO 4 5 0  

3 5 0  CONTINUE
ERROR =  . T R U E .

4 5 0  CONTINUE
C

RETURN
END



D.3 TH ERM CV T

c
PROGRAM THERMCVT

C

c * * * * * * * * * * * * * * * * c j j a n g ecj  w . x n g  0 6 - 1 5 - 9 4 ,  0 8 - 0 1 - 9 5 * * * * * * * * ' * * * * * * * * * * * * * * *  
C

I M P L I C I T  NONE
C

i n c l u d e  ' t h m _ _ p a r 2 . f i '  
C i n c l u d e  ' t h m _ c f g . f i '
C

CHARACTER s p e c y _ n a m e * 7 0 ,  s p e c y _ f o r m u l a * 4 0 ,
3  s p e c y _ g r o u p ( M a x _ S p e c y _ G r o u p ) * 1 4 , K E Y 2 ( 3 ) * 4  ,
4 s p e c y _ e l e m e n t ( M a x _ E l e m e n t ) * 4 ,  s t r _ i n t * 8 ,
5 s p e c y _ c o m m e n t * 7 0 ,  s p e c y _ p h a s e ,  l i n e * 1 0 0 ,  K E Y ( 5 ) * 5 ,
6 S U B ( 2 0 ) * 1 0 0 ,  U P C A S E * 5 , s t r * 1 0 0 ,  q t y * 1 0 0 ,  NAME* 2 0 0

INTEGER s p e c y _ g r o u p _ q t y ( M a x _ S p e c y _ G r o u p ) , s p e c y _ s y m m e t r y ,
1 s p e c y _ e l e m e n t _ q t y ( M a x _ E l e m e n t ) , N g r o u p , I L A S C H ,
2 I L E N ,  I P P L E N ,  NSUB,  NKEY,  I s y m m e t r y ( 5 ) ,  NVAL,  I e r r ,
3 I ,  I s t r ,  I g r o u p ( 5 ) ,  I f i r c h ,  I s l a s h ,  I q t y ( 5 ) ,  I f o u n d , J ,
4 I n d e x ,  I t o t a l ,  I n a m e ,  NKEY2,  N l o o p

REAL* 8 s p e c y _ H f ,  s p e c y _ S ,  s p e c y _ C p 3 0 0 ,  s p e c y _ C p 4 0 0 ,  s p e c y _ C p 5 0 0 ,
1 s p e c y _ C p 6 0 0 ,  s p e c y _ C p 8 0 0 ,  s p e c y _ C p l 0 0 0 ,  s p e c y _ C p l 5 0 0 ,
2 s p e c y _ r o t o r ,  r o t o r (5 )

LOGICAL t h e r m ,  n a s a ,  e r r ,  i o _ e r r

DATA K E Y /  ' U N I T S  ' , ' RADIC ' , ' XXX '  , ' E N D '
DATA K E Y 2 / ' SYMM' , ' N R O T ' , ' E N D S ' /

C
C
C C a l l  I n i t i a l i z a t i o n  s u b r o u t i n e s ,  0 2 / 9 5  I NG 
C
C CALL T I T L E

CALL T H E R M _ I O ( i o _ e r r )  
i f  ( i o _ e r r ) GO TO 6 0 0 0  

C CALL T H E R M _ I N I T ( i n i t _ e r r )
C i f  ( i n i t _ e r r )  GO TO 6 0 0 0
C

w r i t e ( 1 s t , * ) ' THERM BATCH I NP UT  F I L E '
C w r i t e ( 1 s t , 5 0 )
C 5 0  f o r m a t e  S P E C I E S  H f  S C p  3 0 0  4 0 0  5 0 0  60
C 1 0  8 0 0  1 0 0 0  1 5 0 0  DATE E L E M E N T S ' )
C

1 0 0  CONTINUE
s p e c y _ r o t o r  =  0 . 0  
s p e c y _ s y m m e t r y  =  1 
L I N E  =  ' '
READ ( I N P ,  ' (A) ' , E N D = 5 0 0 0 )  L I N E  

1 0 5  CONTINUE
I L E N  =  I P P L E N ( L I N E )
I F  ( I L E N  . E Q .  0 )  GO TO 1 0 0  
READ ( I N P ,  ' (A)  ' , E N D = 5 0 0 0 )  L I N E  
READ ( I N P , ' ( A ) ' , E N D = 5 0 0 0 )  L I N E  
READ ( I N P ,  ' (A) ' , E N D = 5 0 0 0 )  L I N E  
I L E N  = I P P L E N ( L I N E )
CALL C KI S UB  ( L I N E ( : I L E N ) , SUB,  NSUB) 
s p e c y _ n a m e  =  S U B ( l )

286
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s p e c y _ f o r m u l a  =  S U B ( 2 )

READ ( I N P , 1 ( A ) ' , E N D = 5 0 0 0 )  L I N E  
I L E N  =  I P P L E N ( L I N E )
CALL C K I S UB  ( L I N E ( : I L E N ) , S UB ,  NSUB)

I S  THERE A  KEYWORD?

CALL CKCOMP ( U P C A S E ( S U B ( 1 ) ,  5 )  , KEY,  2 ,  NKEY)
W R I T E ( * , * ) U P C A S E ( S U B ( 1 ) , 3 )  , K E Y ( 1 ) , NKEY 
I F  (NKEY . G T .  0 )  I T A S K  =  0

W R I T E ( * , * ) U P C A S E ( S U B ( 1 )  ,  5 )
W R I T E ( * , * ) NKEY 

I F  ( N K E Y . E Q . 2 )  THEN
READ ( I N P , ' (A)  ' , E N D = 5 0 0 0 )  L I N E  
READ ( I N P , ' ( A ) ' , E N D = 5 0 0 0 )  L I N E  
READ ( I N P , ’ ( A ) ' , E N D = 5 0 0 0 )  L I N E  

E L S E I F  ( N K E Y . E Q . 1 )  THEN 
C DO NOTHING FOR MOLECULES

E L S E
C ERROR FOR N E I T H E R  MOLECULES NOR RADICALS

GO TO 6 0 0 0  
E N D I F
READ ( I N P , ' ( A ) ' , E N D = 5 0 0 0 )  L I N E  
I L E N  =  I P P L E N  ( L I N E )
CALL C K I S UB  ( L I N E ( : I L E N ) , S UB ,  NSUB)
c a l l  I P P A R I  ( S U B ( 2 ) ,  - 1 ,  1 ,  I g r o u p ,  n v a l ,  I e r r ,  LOG)
N g r o u p  = I g r o u p ( 1 )
I F  ( I e r r . N E . 0 . O R .  N g r o u p . E Q . O )  THEN 

1 6 0  CONTINUE
W R I T E ( * , * ) 1 s p e c y  " ' , s p e c y _ n a m e , ' "  g r o u p  n u m b e r  e r r o r  ! ! ! '
READ ( I N P , ' ( A ) ' , E N D = 5 0 0 0 )  L I N E  
I L E N  = I P P L E N ( L I N E )
CALL C K I S UB  ( L I N E ( : I L E N ) , SUB,  NSUB)
CALL CKCOMP ( U P C A S E ( S U B ( 1 ) ,  4 )  , K E Y 2 , 3 ,  N K E Y 2 )
I F  ( N K E Y 2 . N E . 3 )  GO TO 1 6 0  
GO TO 1 0 0  

E N D I F  
C GO TO 6 0 0 0

READ ( I N P , ' ( A ) 1 , E N D = 5 0 0 0 )  L I N E  
I F  ( N g r o u p . L E . 5 )  THEN

DO 2 0 0  I  =  1 ,  N g r o u p
READ ( I N P , ' ( A ) ' , E N D = 5 0 0 0 )  L I N E  
I L E N  =  I P P L E N ( L I N E )
CALL CKI SUB  ( L I N E ( : I L E N ) , SUB,  NSUB) 
s p e c y _ g r o u p ( I )  =  S U B ( 3 )
c a l l  I P P A R I  ( S U B ( 5 ) ,  - 1 ,  1 ,  I q t y ,  n v a l ,  I e r r ,  LOG) 
s p e c y _ g r o u p _ q t y ( I )  =  I q t y ( l )

2 0 0  CONTINUE
E L S E

N l o o p  =  I N T ( N g r o u p / 2 . 0 )
C w r i t e ( * , * ) ' N g r o u p  =  ' , N g r o u p , 1 N l o o p  = N l o o p

I F ( M O D ( N g r o u p , 2 ) . E Q . O )  THEN 
DO 2 1 0  1 = 1 ,  N l o o p

READ ( I N P , ' ( A ) ' , E N D = 5 0 0 0 )  L I N E  
I L E N  =  I P P L E N ( L I N E )
CALL CKI SUB  ( L I N E ( : I L E N ) , SUB,  NSUB) 
s p e c y _ g r o u p ( I ) =  S U B ( 3 )
c a l l  I P P A R I  ( S U B ( 5 ) ,  - 1 ,  1 ,  I q t y ,  n v a l ,  I e r r ,  LOG) 
s p e c y _ g r o u p _ q t y ( I ) =  I q t y ( l )  
s p e c y _ g r o u p ( N l o o p + I )  =  S U B ( 9 )
c a l l  I P P A R I  ( S U B ( 1 1 ) ,  - 1 ,  1 ,  I q t y ,  n v a l ,  I e r r ,  LOG) 
s p e c y _ g r o u p _ q t y ( N l o o p + I ) = I q t y ( l )

C w r i t e ( * , * ) I , s p e c y _ g r o u p ( I ) , s p e c y _ g r o u p _ q t y ( I )
C w r i t e ( * , * ) N l o o p + I , s p e c y _ g r o u p ( N l o o p + I ) , s p e c y _ g r o u p _ q t y ( N l o o p + I )



2 1 0  CONTINUE
ELSE

DO 2 2 0  1 = 1 ,  N l o o p
READ ( I N P , ' ( A ) ' , E N D = 5 0 0 0 )  L I N E  
I L E N  =  I P P L E N ( L I N E )
CALL C K I S U B  ( L I N E ( : I L E N ) , SUB,  NSUB) 
s p e c y _ g r o u p ( I )  =  S U B ( 3 )
c a l l  I P P A R I  ( S U B ( 5 ) ,  - 1 ,  1 ,  I q t y ,  n v a l ,  I e r r ,  LOG) 
s p e c y _ g r o u p _ q t y ( I )  =  I q t y ( l )  
s p e c y _ g r o u p ( N l o o p + I + 1 )  =  S U B ( 9 )
c a l l  I P P A R I  ( S U B ( 1 1 ) ,  - 1 ,  1 ,  I q t y ,  n v a l ,  I e r r ,  LOG) 
s p e c y _ g r o u p _ q t y ( N l o o p + I + 1 )  =  I q t y ( l )

2 2 0  CONTINUE
READ ( I N P , ' ( A ) ' , E N D = 5 0 0 0 )  L I N E  
I L E N  =  I P P L E N ( L I N E )
CALL C K I S U B  ( L I N E ( : I L E N ) , SUB,  NSUB)  
s p e c y _ g r o u p ( N l o o p + 1 )  =  SUB ( 3 )
c a l l  I P P A R I  ( S U B ( 5 ) ,  - 1 ,  1 ,  I q t y ,  n v a l ,  I e r r ,  LOG) 
s p e c y _ g r o u p _ q t y ( N l o o p + 1 )  =  I q t y ( l )

E N D I F
E N D I F

C W R I T E ( L S T , * ) L I N E
C READ ( I N P , ’ ( A ) ' , E N D = 5 0 0 0 )  L I N E
C READ ( I N P , ' ( A ) ' , E N D = 5 0 0 0 )  L I N E
C READ ( I N P , ' ( A ) ’ , E N D = 5 0 0 0 )  L I N E

2 5 0  CONTINUE
READ ( I N P ,  ' (A)  \ E N D = 5 0 0 0 )  L I N E  
I L E N  =  I P P L E N ( L I N E )
CALL C KI S UB  ( L I N E ( : I L E N ) , SUB,  NSUB)
CALL CKCOMP ( U P C A S E ( S U B ( 1 ) ,  4 )  , K E Y 2 , 3 ,  NKEY2)

C W R I T E ( * , * ) U P C A S E ( S U B ( 1 ) ,  4)
I F  ( N K E Y 2 . E Q . 0 )  GO TO 2 5 0  
I F  ( N K E Y 2 . E Q . 3 )  GO TO 2 8 0  
I F  ( N K E Y 2 . E Q . 2 )  THEN

c a l l  I P P A R R  ( S U B ( 2 ) ,  - 1 ,  1 ,  r o t o r ,  n v a l ,  I e r r ,  LOG)
I F  ( I e r r . N E .  0 )  GO TO 6 0 0 0  
s p e c y _ r o t o r  =  r o t o r ( 1 )

C READ ( I N P , ' ( A ) ' , E N D = 5 0 0 0 )  L I N E
C I L E N  =  I P P L E N ( L I N E )
C CALL C K I S UB  ( L I N E ( : I L E N ) , SUB,  NSUB)
C c a l l  I P P A R I  (SUB ( 2 ) ,  - 1 ,  1 ,  I s y m m e t r y ,  n v a l ,  I e r r ,  LOG)
C I F  ( I e r r . N E .  0 )  GO TO 6 0 0 0
C s p e c y _ s y m m e t r y  =  I s y m m e t r y ( 1 )

ELSE
c a l l  I P P A R I  ( S U B ( 2 ) ,  - 1 ,  1 ,  I s y m m e t r y ,  n v a l ,  I e r r ,  LOG)

C w r i t e ( * ,  * ) l i n e
C w r i t e ( * , * ) s u b ( 2 )

I F  ( I e r r . N E .  0 )  GO TO 6 0 0 0  
s p e c y _ s y m m e t r y  =  I s y m m e t r y ( 1 )

E N D I F  
GO TO 2 5 0

C
2 8 0  CONTINUE

w r i t e ( L S T ,  3 0 0 ) s p e c y _ n a m e , s p e c y _ f o r m u l a ,
2 s p e c y _ s y m m e t r y , s p e c y _ r o t o r

3 0 0  f o r m a t ( A 1 2 ,  '  ' , A 1 2 , '  ’ , 1 4 , '  ' , F 4 . 1 )
C w r i t e  ( L S T , 3 0 0 ) s p e c y _ n a m e ( : I L A S C H ( s p e c y _ _ n a m e ) ) ,
C 1 s p e c y _ f o r m u l a ( : I L A S C H ( s p e c y _ n a m e ) ) ,
C 2 s p e c y _ s y m m e t r y , s p e c y _ r o t o r
C 3 0 0  f o r m a t  (A,  ' ' , A , '  ’ , 1 3 , '  \ F 4 . 1 )  
c  I n d e x  = 1

I t o t a l  =  0
DO 3 5 0  J  =  1 ,  N g r o u p

I t o t a l  =  I t o t a l  + 1 
N A M E ( I t o t a l : I t o t a l )  =  ' '
I n d e x  =  I t o t a l  +  1
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I n a m e  = I P P L E N ( s p e c y _ g r o u p ( J ) )
I t o t a l  »  I t o t a l  + I n a m e
N A M E ( I n d e x : I t o t a l )  *= s p e c y _ g r o u p ( J )
N A M E ( I t o t a l + 1 : I t o t a l + 1 )  =  ' '
CALL C K I 2 C H  ( 3 p e c y _ g r o u p _ q t y ( J ) , s t r _ i n t ,  I n a m e ,  e r r )  
N A M E ( I t o t a l + 2 : I t o t a l + I n a m e + l )  «* s t r _ i n t  
I t o t a l  =  I t o t a l  +  1 + I n a m e  

3 5 0  CONTINUE
I L E N  -  I PP L E N ( N A M E )

c  w r i t e  ( * , * ) ' .  . I t o t a l  -  i t o t a l
w r i t e ( 1 s t ,  3 6 0 ) NAME( : I t o t a l )

3 6 0  f o r m a t ( '  ' , A)
C w r i t e ( L S T , 3 1 0 ) ( s p e c y _ g r o u p ( J ) ( : I L A S C H ( s p e c y _ G R O U P ( J ) ) ) ,
C 1 s p e c y _ g r o u p _ q t y ( J ) ( : I L A S C H ( s p e c y _ G R O U P ( J ) ) ) , J = l , N g r o u p )
C 3 1 0  f o r m a t e  ' , A ,  ■ * ' ,  I )
C

C DUMP U S EL E S S  S P EC Y -E N D I N F O  FOR MOLECULES AND RADICALS
C
C I F  ( N K E Y . E Q . 2 )  THEN
C READ ( I N P , ’ ( A ) ' , E N D = 5 0 0 0 )  L I N E
C READ ( I N P , 1 ( A ) ' , E N D - 5 0 0 0 )  L I N E
C READ ( I N P , ’ ( A ) ' , E N D - 5 0 0 0 )  L I N E
C READ ( I N P , 1 ( A ) ' , E N D = 5 0 0 0 )  L I N E
C READ ( I N P , ' ( A ) ' , E N D = 5 0 0 0 )  L I N E
C E LS E
C READ ( I N P , ' ( A ) ' , E N D = 5 0 0 0 )  L I N E
C READ ( I N P , ' ( A ) ' , E N D = 5 0 0 0 )  L I N E
C E N D I F
C

g o  t o  1 0 0
5 0 0 0  w r i t e ( * , * ) ' . . . e n d  o f  c o n v e r s i o n . . . '

W R I T E ( L S T , 5 1 0 0 )
5 1 0 0  FORMAT( ' E N D 1 ) 

w r i t e ( * , * ) '  '
w r i t e ( * , * ) '  n e w  T h e r m C a l  i n p u t  f i l e  c r e a t e d  a s  -  ' , F i l e _ l s t  
w r i t e  { * , * ) '  ' 
g o  t o  7 0 0 0

6 0 0 0  w r i t e ( * , * ) ' . . . e r r o r  i n  i n p u t  f i l e . . . '
7 0 0 0  c o n t i n u e

e n d
c----------------------------------------------------------------------------------------------------------------c

SUBROUTINE C KI S UB  ( L I N E ,  SUB,  NSUB)
C
C G e n e r a t e s  a n  a r r a y  o f  C H A R * ( * )  s u b s t r i n g s  f r o m  a  C H A R * ( * )  s t r i n g ,
C u s i n g  b l a n k s  o r  t a b s  a s  d e l i m i t e r s
c
C I n p u t :  L I N E  -  a  C H A R * ( * )  l i n e
C O u t p u t :  SUB -  a  C H A R * ( * )  a r r a y  o f  s u b s t r i n g s
C NSUB -  n u m b e r  o f  s u b s t r i n g s  f o u n d
C A  ' ! '  w i l l  c o m m e n t  o u t  a  l i n e ,  o r  r e m a i n d e r  o f  t h e  l i n e .
C F .  R u p l e y ,  D i v .  8 2 4 5 ,  5 / 1 5 / 8 6
c----------------------------------------------------------------------------------------------------------------c
C * * * * * p r e c i s i o n  > d o u b l e

I M P L I C I T  DOUBLE P R E C I S I O N  ( A - H , 0 - Z ) ,  I NTEGER ( I - N )  
* * * * * E N D  p r e c i s i o n  > d o u b l e  
* * * * * p r e c i s i o n  > s i n g l e

I M P L I C I T  REAL ( A - H , 0 - Z ) ,  I N T E G ER  ( I - N )
* * * * * E N D  p r e c i s i o n  > s i n g l e

C HA RA C T ER *( * )  S U B ( * ) ,  L I N E  
NSUB =  0

C
DO 5  N =  1 ,  L E N ( L I N E )

I F  ( I C H A R ( L I N E ( N : N ) ) . E Q .  9 )  L I N E ( N : N )  = ' '
5 CONTINUE

C
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I F  ( I P P L E N ( L I N E )  . L E .  0 )  RETURN
C

I L E N  =  I L A S C H ( L I N E )
C

NSTART «  I F I R C H ( L I N E )
10  CONTINUE

I ST A R T  =  NSTART 
NSUB =  NSUB +  1 
SUB( NSUB)  =  ' ’

C
DO 1 0 0  I  =  I S T A R T ,  I L E N

I L A S T  = I N D E X ( L I N E ( I S T A R T : ) , '  ' )  -  1
I F  ( I L A S T  . G T .  0 )  THEN

I L A S T  =  I S T A R T  + I L A S T  -  1 
E LSE

I L A S T  «= I L E N  
E ND I F
SUB( NSUB)  =  L I N E ( I S T A R T : I L A S T )
I F  ( I L A S T  . E Q .  I L E N )  RETURN

C
NSTART =  I L A S T  +  I F I R C H ( L I N E ( I L A S T + 1 : ) )

D o e s  SUB h a v e  a n y  s l a s h e s ?

1 1  =  I N D E X ( S U B ( N S U B ) , ' - ' )
I F  ( I I  . L E .  0 )  THEN

I F  ( L I N E ( N S T A R T : N S T A R T )  . N E .  ' - ' )  GO TO 10  
NEND =  NSTART + I N D E X ( L I N E ( N S T A R T + 1 : ) , 1~ ' )  
I ND =  I N D E X ( S U B ( N S U B ) , '  ' )
S U B ( N S U B ) ( I N D : )  =  L I N E ( N S T A R T : N E N D )
I F  (NEND . E Q .  I L E N )  RETURN 
NSTART =  NEND + I F I R C H ( L I N E ( N E N D + 1 : ) )
GO TO 1 0  

E N D I F

D o e s  SUB h a v e  2 s l a s h e s ?

1 2  = I N D E X ( S U B ( N S U B )  ( 1 1 + 1 : ) , '  — ' )
I F  ( 1 2  . G T .  0 )  GO TO 1 0

C
NEND =  NSTART +  I N D E X ( L I N E ( N S T A R T + 1 : ) , ' ~ ' )
I ND  = I N D E X ( S U B ( N S U B ) , '  ' )  + 1
S U B ( N S U B ) ( I N D : ) =  L I N E ( N S T A R T : N E N D )
I F  (NEND . E Q .  I L E N )  RETURN
NSTART = NEND + I F I R C H ( L I N E ( N E N D + 1 : ) )
GO TO 10  

1 0 0  CONTINUE
RETURN
END

c --------------------------------------------------------------------------------------------------------------- c
SUBROUTINE I P N P A R  ( L I N E ,  NPAR,  I P A R ,  I S T A R T )

C
C R e t u r n s  C H A R * ( * )  I P A R  s u b s t r i n g  o f  C H A R M * )  s t r i n g  L I N E  w h i c h
C c o n t a i n s  NPAR r e a l  p a r a m e t e r s
C
C I n p u t :  L I N E  -  a  C H A R M * )  l i n e
C NPAR -  n u m b e r  o f  p a r a m e t e r s  e x p e c t e d
C O u t p u t :  I P A R  -  t h e  s u b s t r i n g  o f  p a r a m e t e r s  o n l y
C I S T A R T  -  t h e  s t a r t i n g  l o c a t i o n  o f  I P A R  s u b s t r i n g
C A  ' ! '  w i l l  c o m m e n t  o u t  a  l i n e ,  o r  r e m a i n d e r  o f  t h e  l i n e .
C F .  R u p l e y ,  D i v .  8 2 4 5 ,  5 / 1 4 / 8 6
c --------------------------------------------------------------------------------------------------------------- c
C * * * * * p r e c i s i o n  > d o u b l e

I M P L I C I T  DOUBLE P R E C I S I O N  ( A - H , 0 - Z ) ,  I NTE GER  ( I - N )  
C * * * * * E N D  p r e c i s i o n  > d o u b l e  
C * * * * * p r e c i s i o n  > s i n g l e
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I M P L I C I T  REAL ( A - H , 0 - Z ) ,  I N T E G E R  ( I - N )
* * * * * E N D  p r e c i s i o n  >  s i n g l e

C H A RA C T E R * ( * )  L I N E , I P A R

---------------------- F i n d  C o m m e n t  S t r i n g  ( !  s i g n i f i e s  c o m m e n t )

I L E N  «* I P P L E N  ( L I N E )
I S T A R T  =  0 
N -  0
I F  ( I L E N . G T . 0 )  THEN

DO 4 0  I  =  I L E N ,  1 ,  - 1  
I S T A R T  -  I  
I P A R  -  ' '
I P A R  =  L I N E ( I S T A R T : I L E N )
I F  ( L I N E ( 1 : 1 ) . N E . ’ ' )  THEN 

I F  ( I  . E Q .  1 )  RETURN 
I F  ( L I N E ( 1 - 1 : I —1 )  . E Q .  ' ' )  THEN

N ■= N + 1
I F  (N . E Q .  NPAR)  RETURN 

E N D I F  
E N D I F  

4 0  CONTINUE 
E N D I F  
RETURN 
END

c  c
SUBROUTI NE I P P A R I ( S T R I N G ,  I C AR D ,  NEXPEC,  I V A L,  NFOUND,  I E R R ,  LOUT) 

C B E GI N  PROLOGUE I P P A R I
C R E F E R TO I P G E T I
C DATE WR IT TE N 8 5 0 6 2 5  (YYMMDD)
C R E V I S I O N  DATE 8 5 1 7 2 5  (YYMMDD)
C CATEGORY NO.  J 3 . , J 4 . , M 2 .
C KEYWORDS PARSE
C AUTHOR C L A R K , G . L . . G R O U P  C - 3  LOS ALAMOS N A T ' L  LAB
C PURPOSE P a r s e s  i n t e g e r  v a r i a b l e s  f r o m  a  c h a r a c t e r  v a r i a b l e .  C a l l e d
C b y  I P G E T I ,  t h e  I OP AK  r o u t i n e  u s e d  f o r  i n t e r a c t i v e  i n p u t .
C D E S C R I P T I O N
C
c-----------------------------------------------------------------------------------------------------------------
C I P P A R I  m a y  b e  u s e d  f o r  p a r s i n g  a n  i n p u t  r e c o r d  t h a t  c o n t a i n s  i n t e g e r  
C v a l u e s ,  b u t  w a s  r e a d  i n t o  a  c h a r a c t e r  v a r i a b l e  i n s t e a d  o f  d i r e c t l y  
C i n t o  i n t e g e r  v a r i a b l e s .
C T h e  f o l l o w i n g  b e n e f i t s  a r e  g a i n e d  b y  t h i s  a p p r o a c h :
C -  s p e c i f i c a t i o n  o f  o n l y  c e r t a i n  e l e m e n t s  o f  t h e  a r r a y  i s  a l l o w e d ,
C t h u s  l e t t i n g  t h e  o t h e r s  r e t a i n  d e f a u l t  v a l u e s
C -  v a r i a b l e  n u m b e r s  o f  v a l u e s  m a y  b e  i n p u t  i n  a  r e c o r d ,  u p  t o  a
C s p e c i f i e d  m a x i m u m
C -  c o n t r o l  r e m a i n s  w i t h  t h e  c a l l i n g  p r o g r a m  i n  c a s e  o f  a n  i n p u t
C e r r o r
C -  d i a g n o s t i c s  m a y  b e  p r i n t e d  b y  I P P A R I  t o  i n d i c a t e  t h e  n a t u r e
C o f  i n p u t  e r r o r s
c
C T h e  c o n t e n t s  o f  S T R I N G  o n  i n p u t  i n d i c a t e  w h i c h  e l e m e n t s  o f  IVAL
C a r e  t o  b e  c h a n g e d  f r o m  t h e i r  e n t r y  v a l u e s ,  a n d  v a l u e s  t o  w h i c h
C t h e y  s h o u l d  b e  c h a n g e d  o n  e x i t .  C o m m a s  a n d  b l a n k s  s e r v e  a s
C d e l i m i t e r s ,  b u t  m u l t i p l e  b l a n k s  a r e  t r e a t e d  a s  a  s i n g l e  d e l i m e t e r .
C T h u s ,  a n  i n p u t  r e c o r d  s u c h  a s :
C ' 1 ,  2 , , 4 0 0 0 0  ,  , 6 0 ’
C i s  i n t e r p r e t e d  a s  t h e  f o l l o w i n g  s e t  o f  i n s t r u c t i o n s  b y  I P G E T R :
C
C ( 1 )  s e t  I V A L ( l )  =  1
C ( 2 )  s e t  I V A L ( 2 )  =  2
C ( 3 )  l e a v e  I V A L ( 3 )  u n c h a n g e d
C ( 4 )  s e t  I V A L ( 4 )  =  4 0 0 0 0
C ( 5 )  l e a v e  I V A L ( 5 )  u n c h a n g e d
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( 6 )  s e t  I V A L ( 6 )  =  6 0

I P P A R I  w i l l  p r i n t  d i a g n o s t i c s  o n  t h e  d e f a u l t  o u t p u t  d e v i c e ,  i f  
d e s i r e d .

I P P A R I  i s  p a r t  o f  I O P A K ,  a n d  i s  w r i t t e n  i n  A N S I  FORTRAN 7 7  
C
C E x a m p l e s :
C
C A s s u m e  I VA L  =  ( 0 ,  0 ,  0 )  a n d  NEXPEC =  3  o n  e n t r y :
C
C i n p u t  s t r i n g  I V A L  o n  e x i t  I E R R  NFOUND

C ' 2  , 3 4 5  ' ( 2 ,  3 ,  4 5 )  0 3
C ' 2 . 1 5 , , 3 ’ ( 2 ,  0 ,  3 )  1 0
C 13 X ,  2 5 ,  2 '  ( 0 ,  0 ,  0 )  1 0
C ' 1 0 0 0 0 '  ( 1 0 0 0 0 ,  0 ,  0 )  2 1
C
C A s s u m e  I VA L  =  ( 0 ,  0 ,  0 ,  0 )  a n d  NEXPEC =  - 4  o n  e n t r y :
C
C i n p u t  s t r i n g  I V A L  o n  e x i t  I E R R  NFOUND

C ' 1 ,  2 ’ ( 1 ,  2 )  0 2
C ' , , 3 7  4 0 0 '  ( 0 ,  0 ,  3 7 ,  4 0 0 )  0 4
C ' 1 ,  , _ 3 ,  , 5 '  ( 1 ,  0 ,  - 3 ,  0 )  3 4
C
C a r g u m e n t s :  ( I = i n p u t , O = o u t p u t )  
c  ------------------------------------------------------------------
C S T R I N G  ( I )  -  t h e  c h a r a c t e r  s t r i n g  t o  b e  p a r s e d .
C
C ICARD ( I )  -  d a t a  s t a t e m e n t  n u m b e r ,  a n d  e r r o r  p r o c e s s i n g  f l a g
C < 0 : n o  e r r o r  m e s s a g e s  p r i n t e d
C = 0  : p r i n t  e r r o r  m e s s a g e s ,  b u t  n o t  ICARD
C > 0 : p r i n t  e r r o r  m e s s a g e s ,  a n d  ICARD
C
C NEXPEC ( I )  -  n u m b e r  o f  r e a l  v a r i a b l e s  e x p e c t e d  t o  b e  i n p u t .  I f
C < 0 ,  t h e  n u m b e r  i s  u n k n o w n ,  a n d  a n y  n u m b e r  o f  v a l u e s
C b e t w e e n  0 a n d  a b s ( n e x p e c )  m a y  b e  i n p u t .  ( s e e  NFOUND)
C
C PROMPT ( I )  -  p r o m p t i n g  s t r i n g ,  c h a r a c t e r  t y p e .  A  q u e s t i o n  
C m a r k  w i l l  b e  a d d e d  t o  f o r m  t h e  p r o m p t  a t  t h e  s c r e e n .
C
C I VA L  ( 1 , 0 )  -  t h e  i n t e g e r  v a l u e  o r  v a l u e s  t o  b e  m o d i f i e d .  On e n t r y ,  
C t h e  v a l u e s  a r e  p r i n t e d  a s  d e f a u l t s .  T h e  f o r m a l  p a r a m e t e r
C c o r r e s p o n d i n g  t o  I V A L  m u s t  b e  d i m e n s i o n e d  a t  l e a s t  NEXPEC
C i n  t h e  c a l l i n g  p r o g r a m  i f  NEXPEC > 1 .
C
C NFOUND ( 0 )  -  t h e  n u m b e r  o f  r e a l  v a l u e s  r e p r e s e n t e d  i n  S T R I N G ,
C o n l y  i n  t h e  c a s e  t h a t  t h e r e  w e r e  a s  m a n y  o r  l e s s  t h a n
C NEXPEC.
C
C I E R R  ( 0 )  -  e r r o r  f l a g :
C =  0 i f  n o  e r r o r s  f o u n d
C = 1  s y n t a x  e r r o r s  o r  i l l e g a l  v a l u e s  f o u n d
C = 2  f o r  t o o  f e w  v a l u e s  f o u n d  (NFOUND < NEXPEC)
C = 3  f o r  t o o  m a n y  v a l u e s  f o u n d  (NFOUND > NEXPEC)
c --------------------------------------------------------------------------------------------------------------
c
C REFER ENC ES (NONE)
C R OU TI NES CALLED I F I R C H , I L A S C H  
C END PROLOGUE I P P A R I  
C * * * * * p r e c i s i o n  > d o u b l e

I M P L I C I T  DOUBLE P R E C I S I O N  ( A - H , 0 - Z ) ,  I NT E G ER  ( I - N )
C * * * * * E N D  p r e c i s i o n  > d o u b l e  
C
C * * * * * p r e c i s i o n  > s i n g l e
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C I M P L I C I T  REAL ( A - H , 0 - Z ) ,  I NTE GER  ( I - N )
C * * * * * E N D  p r e c i s i o n  > s i n g l e
C
C

CHARACTER S T R I N G * ( * ) ,  I T E M P * 8 0  
D I ME NS IO N  I V A L ( * )
CHARACTER * 8  F M T ( 1 4 )
LOG I CA L  OK I NC R

C
C F I R S T  EXECUTABLE STATEMENT I P P A R I  

I E R R  =  0 
NFOUND =  0 
NEXP =  I A B S ( N E X P E C )
I E  =  I L A S C H ( S T R I N G )
I F  ( I E  . E Q .  0 )  GO TO 5 0 0  
NC =  1

C
C   OKINCR i s  a  f l a g  t h a t  i n d i c a t e s  i t ' s  OK t o  i n c r e m e n t
C   NFOUND,  t h e  i n d e x  o f  t h e  a r r a y  i n t o  w h i c h  t h e  v a l u e
C   s h o u l d  b e  r e a d .  I t  i s  s e t  f a l s e  w h e n  a  s p a c e  f o l l o w s
C   a n  i n t e g e r  v a l u e  s u b s t r i n g ,  t o  k e e p  i n c r e m e n t i n g  f r o m
C   o c c u r r i n g  i f  a  c o m m a  s h o u l d  b e  e n c o u n t e r e d  b e f o r e  t h e
C  n e x t  v a l u e .
C

OKINCR =  . T R U E .
C
C   b e g i n  o v e r a l l  l o o p  o n  c h a r a c t e r s  i n  s t r i n g
C
1 0 0  CONTINUE 
C

I F  ( S T R I N G ( N C : N C )  . E Q .  ' , ' )  THEN 
I F  ( OKINCR . O R .  NC . E Q .  I E )  THEN 

NFOUND =  NFOUND + 1 
E LS E

OKI NCR <= . T R U E .
E N D I F

C
GO TO 4 5 0  

E N D IF
I F  ( S T R I N G ( N C : N C )  . E Q .  ' ' )  GO TO 4 5 0

C
C   f i r s t  g o o d  c h a r a c t e r  ( n o n - d e l i m e t e r )  f o u n d  -  n o w  f i n d
C   l a s t  g o o d  c h a r a c t e r
C

I B S  =  NC 
1 6 0  CONTINUE

NC ■= NC + 1
I F  (NC . G T .  I E )  GO TO 1 8 0  
I F  ( S T R I N G ( N C : N C )  . E Q .  ' ' ) THEN 

OKINCR =  - F A L S E .
E L S E I F  ( S T R I N G ( N C : N C )  . E Q .  ' , ' ) THEN 

OKINCR =  . T R U E .
E LSE

GO TO 1 6 0  
E N D I F

C
C   e n d  o f  s u b s t r i n g  f o u n d  -  r e a d  v a l u e  i n t o  i n t e g e r  a r r a y
C
1 8 0  CONTINUE

NFOUND =  NFOUND +  1 
I F  (NFOUND . G T .  NEXP)  THEN 

I E R R  =  3 
GO TO 5 0 0  

E N D I F
C

I E S  =  NC -  1
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NCH -  I E S  -  I B S  + 1
DATA F M T / '  ( I l ) \  ' ( 1 2 ) ' ,  ' ( 1 3 ) ' ,  ’ ( 1 4 )  ' ,  ' ( 1 5 ) ' ,

1 1 ( 1 6 ) ' ,  ’ ( 1 7 ) ' ,  ' ( 1 8 ) ’ , ' ( 1 9 ) ' ,  ' ( 1 1 0 ) ' ,
2  ' ( 1 1 1 ) ' ,  ' ( 1 1 2 ) ' ,  ' ( 1 1 3 ) ' ,  ' ( 1 1 4 ) ' /

I T E M P  =  ' '
I T E M P  =  S T R I N G ( I B S : I E S )
READ ( I T E M P ( 1 : N C H ) , F M T ( N C H ) , ERR =  4 0 0 )  IVAL( NFOUND)
GO TO 4 5 0  

4 0 0  CONTINUE 
I E R R  =  1 
GO TO 5 1 0  

4 5 0  CONTINUE
NC =  NC +  1
I F  (NC . L E .  I E )  GO TO 1 0 0

C
5 0 0  CONTINUE

I F  (NEXPEC . G T .  0 . AND.  NFOUND . L T .  NEXP)  I E R R  =  2 
5 1 0  CONTINUE 
C

I F  ( I E R R  . E Q .  0 . O R .  I CARD . L T .  0 ) RETURN 
I F  ( IC AR D  . N E .  0 )  WR ITE  (LOUT,  ' ( A , 1 3 ) ' )

1 ' ! !  ERROR I N  DATA STATEMENT NUMBER' ,  ICARD
I F  ( I E R R  . E Q .  1)

1 W R I TE  (LOUT,  ' (A) ' ) ' SYNTAX ERROR,  OR I L L E G A L  VALUE'
I F  ( I E R R  . E Q .  2 )  WR IT E (LOUT,  ' ( A , 1 2 ,  A ,  1 2 ) ' )

1 ' TOO FEW DATA I T E M S .  NUMBER FOUND =  ' , NFOUND,
2 ’ NUMBER EXPECTED -  ' ,  NEXPEC

I F  ( I E R R  . E Q .  3 )  WR I TE  (LOUT,  ' ( A , 1 2 ) ' )
1 ’ TOO MANY DATA I T E M S .  NUMBER EXPECTED =  ' ,  NEXPEC

END
C

SUBROUTINE I P P A R R ( S T R I N G ,  I CARD ,  NEXPEC,  RVAL,  NFOUND,  I E R R ,  LOUT) 
C B E G I N  PROLOGUE I P P A R R
C R E F E R TO I P G E T R
C DATE WR ITTEN 8 5 0 6 2 5  (YYMMDD)
C R E V I S I O N  DATE 8 5 1 6 2 5  (YYMMDD)
C CATEGORY NO.  J 3 . , J 4 . , M 2 .
C KEYWORDS PARSE
C AUTHOR CLARK,  G . L .  , GROUP C - 3  LOS ALAMOS N A T ' L LAB 
C PURPOSE P a r s e s  r e a l  v a r i a b l e s  f r o m  a  c h a r a c t e r  v a r i a b l e .  C a l l e d
C b y  I P G E T R ,  t h e  I O P A K  r o u t i n e  u s e d  f o r  i n t e r a c t i v e  i n p u t .
C D E S C R I P T I O N
C
c-----------------------------------------------------------------------------------------------------------------
C I P P A R R  m a y  b e  u s e d  f o r  p a r s i n g  a n  i n p u t  r e c o r d  t h a t  c o n t a i n s  r e a l  
C v a l u e s ,  b u t  w a s  r e a d  i n t o  a  c h a r a c t e r  v a r i a b l e  i n s t e a d  o f  d i r e c t l y  
C i n t o  r e a l  v a r i a b l e s .
C T h e  f o l l o w i n g  b e n e f i t s  a r e  g a i n e d  b y  t h i s  a p p r o a c h :
C -  s p e c i f i c a t i o n  o f  o n l y  c e r t a i n  e l e m e n t s  o f  t h e  a r r a y  i s  a l l o w e d ,
C t h u s  l e t t i n g  t h e  o t h e r s  r e t a i n  d e f a u l t  v a l u e s
C -  v a r i a b l e  n u m b e r s  o f  v a l u e s  m a y  b e  i n p u t  i n  a  r e c o r d ,  u p  t o  a
C s p e c i f i e d  m a x i m u m
C -  c o n t r o l  r e m a i n s  w i t h  t h e  c a l l i n g  p r o g r a m  i n  c a s e  o f  a n  i n p u t
C e r r o r
C -  d i a g n o s t i c s  m a y  b e  p r i n t e d  b y  I P P A R R  t o  i n d i c a t e  t h e  n a t u r e
C o f  i n p u t  e r r o r s
C
C T h e  c o n t e n t s  o f  S T R I N G  o n  i n p u t  i n d i c a t e  w h i c h  e l e m e n t s  o f  RVAL
C a r e  t o  b e  c h a n g e d  f r o m  t h e i r  e n t r y  v a l u e s ,  a n d  v a l u e s  t o  w h i c h
C t h e y  s h o u l d  b e  c h a n g e d  o n  e x i t .  C o m m a s  a n d  b l a n k s  s e r v e  a s
C d e l i m i t e r s ,  b u t  m u l t i p l e  b l a n k s  a r e  t r e a t e d  a s  a  s i n g l e  d e l i m e t e r .
C T h u s ,  a n  i n p u t  r e c o r d  s u c h  a s :
C ’ 1 . ,  2 , , 4 . e - 5  ,  , 6 . e - 6 '
C i s  i n t e r p r e t e d  a s  t h e  f o l l o w i n g  s e t  o f  i n s t r u c t i o n s  b y  I P G E T R :
C

C (1) set RVAL(1) = 1 . 0
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c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
C- -
c
c
c
c

( 2 )  s e t  R V A L ( 2 )  = 2 . 0
( 3 )  l e a v e  R V A L ( 3 )  u n c h a n g e d
( 4 )  s e t  R V A L ( 4 )  =  4 . 0 E - 0 5
( 5 )  l e a v e  R V A L ( 5 )  u n c h a n g e d
( 6 )  s e t  R V A L ( 6 )  =  6 . 0 E - 0 6

I P P A R R  w i l l  p r i n t  d i a g n o s t i c s  o n  t h e  d e f a u l t  o u t p u t  d e v i c e ,  i f  
d e s i r e d .

I P P A R R  i s  p a r t  o f  I O P A K ,  a n d  i s  w r i t t e n  i n  A N S I  FORTRAN 7 7  

E x a m p l e s :

0 . ,  0 . )  a n d  NEXPEC =  3  o n  e n t r y :(0 .A s s u m e  RVAL

i n p u t  s t r i n g

' 2 . 3 4 e - 3 ,  3  4 5 . 1 '
'7  3  - 5 '
' , l ' . 4 ,  0 . 0 2 8 E 4  '
• 1 . 0 ,  2 . a 4 ,  3 . 0 '  
' 1 . 0 '

RVAL o n  e x i t  I E R R  NFOUND

( 2 . 3 4 E - 0 3 ,  3 . 0 ,  4 5 . 1 )  0 3
( 2 . 0 ,  0 . 0 ,  3 . 0 E - 0 5 )  0 3
( 0 . 0 ,  1 . 4 ,  2 8 0 . 0 )  0 3
( 1 .0 ,  0 . 0 ,  0 .0 )  1 1
( 1 .0 ,  0 . 0 ,  0 .0 )  2 1

A s s u m e  RVAL =  ( 0 . , 0 . , 0 . , 0 . )  a n d  NEXPEC =  - 4  o n  e n t r y :  

i n p u t  3 t r i n g  RVAL o n  e x i t  I E R R  NFOUND

11 . ,  2 . 1 
' , , 3  4 . 0 '
11 /  / 3 , , 5  . 0 1

( 1 . 0 ,  2 . 0 )  0
( 0 . 0 ,  0 . 0 ,  3 . 0 ,  4 . 0 )  0
( 0 . 0 ,  0 . 0 ,  3 . 0 ,  0 . 0 )  3

I f

a r g u m e n t s :  ( I = i n p u t , 0 = o u t p u t )

S T R I N G  ( I )  -  t h e  c h a r a c t e r  s t r i n g  t o  b e  p a r s e d .

ICARD ( I )  -  d a t a  s t a t e m e n t  n u m b e r ,  a n d  e r r o r  p r o c e s s i n g  f l a g
< 0 : n o  e r r o r  m e s s a g e s  p r i n t e d  
=  0 : p r i n t  e r r o r  m e s s a g e s ,  b u t  n o t  ICARD 
> 0 : p r i n t  e r r o r  m e s s a g e s ,  a n d  ICARD

NEXPEC ( I )  -  n u m b e r  o f  r e a l  v a r i a b l e s  e x p e c t e d  t o  b e  i n p u t .
< 0 ,  t h e  n u m b e r  i s  u n k n o w n ,  a n d  a n y  n u m b e r  o f  v a l u e s  
b e t w e e n  0 a n d  a b s ( n e x p e c )  m a y  b e  i n p u t .  ( s e e  NFOUND)

PROMPT ( I )  -  p r o m p t i n g  s t r i n g ,  c h a r a c t e r  t y p e .  A  q u e s t i o n  
m a r k  w i l l  b e  a d d e d  t o  f o r m  t h e  p r o m p t  a t  t h e  s c r e e n .

RVAL ( 1 , 0 )  -  t h e  r e a l  v a l u e  o r  v a l u e s  t o  b e  m o d i f i e d .  On  e n t r y ,
t h e  v a l u e s  a r e  p r i n t e d  a s  d e f a u l t s .  T h e  f o r m a l  p a r a m e t e r  
c o r r e s p o n d i n g  t o  RVAL m u s t  b e  d i m e n s i o n e d  a t  l e a s t  NEXPEC 
i n  t h e  c a l l i n g  p r o g r a m  i f  NEXPEC > 1 .

NFOUND ( 0 )  -  t h e  n u m b e r  o f  r e a l  v a l u e s  r e p r e s e n t e d  i n  S T R I N G ,  
o n l y  i n  t h e  c a s e  t h a t  t h e r e  w e r e  a s  m a n y  o r  l e s s  t h a n  
N EXP EC.

I E R R  ( 0 )  -  e r r o r  f l a g :
=  0 i f  n o  e r r o r s  f o u n d
=  1 s y n t a x  e r r o r s  o r  i l l e g a l  v a l u e s  f o u n d  
=  2 f o r  t o o  f e w  v a l u e s  f o u n d  (NFOUND < NEXPEC)
=  3  f o r  t o o  m a n y  v a l u e s  f o u n d  (NFOUND > NEXPEC)

REFERENCES (NONE)
ROUTINES CALLED I F I R C H , I L A S C H  
END PROLOGUE I P P A R R
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C * * * * * p r e c i s i o n  > d o u b l e
I M P L I C I T  DOUBLE P R E C I S I O N  ( A - H , 0 - Z ) ,  I NTEGER ( I - N )  

C * * * * * E N D  p r e c i s i o n  > d o u b l e  
C
C * * * * * p r e c i s i o n  >  s i n g l e
C I M P L I C I T  REAL ( A - H , 0 - Z ) ,  I NT E G ER  ( I - N )
C * * * * * E N D  p r e c i s i o n  >  s i n g l e  
C

CHARACTER S T R I N G * ( * ) ,  I T E M P * 8 0  
D I ME N S I ON  R V A L ( *)
CHARACTER * 8  F M T ( 2 2 )
LOGIC AL OKINCR

C
C F I R S T  EXECUTABLE STATEMENT I P P A R R  

I E R R  =  0 
NFOUND =  0 
NEXP =  I A B S ( N E X P E C )
I E  =  I L A S C H ( S T R I N G )
I F  ( I E  . E Q .  0 )  GO TO 5 0 0  
NC =  1

C
C   OKI NCR i s  a  f l a g  t h a t  i n d i c a t e s  i t ' s  OK t o  i n c r e m e n t
C   NFOUND,  t h e  i n d e x  o f  t h e  a r r a y  i n t o  w h i c h  t h e  v a l u e
C   s h o u l d  b e  r e a d .  I t  i s  s e t  n e g a t i v e  w h e n  a  s p a c e  f o l l o w s
C   a  r e a l  v a l u e  s u b s t r i n g ,  t o  k e e p  i n c r e m e n t i n g  f r o m
C   o c c u r r i n g  i f  a  c o m m a  s h o u l d  b e  e n c o u n t e r e d  b e f o r e  t h e
C   n e x t  v a l u e .
C

OKI NCR =  . T R U E .
C
C   b e g i n  o v e r a l l  l o o p  o n  c h a r a c t e r s  i n  s t r i n g
C
1 0 0  CONTINUE 
C

I F  ( S T R I N G ( N C : N C )  . E Q .  ' , ' )  THEN 
I F  (OKIN CR)  THEN

NFOUND =  NFOUND + 1 
E L S E

OKI NCR =  . T R U E .
E N D I F

C
GO TO 4 5 0  

E N D I F
I F  ( S T R I N G ( N C : NC) . E Q .  ' ' )  GO TO 4 5 0

C
C  f i r s t  g o o d  c h a r a c t e r  ( n o n - d e l i m e t e r )  f o u n d  -  n o w  f i n d
C  l a s t  g o o d  c h a r a c t e r
C

I B S  =  NC 
1 6 0  CONTINUE

NC = NC +  1
I F  (NC . G T .  I E )  GO TO 1 8 0  
I F  ( S T R I N G ( N C : N C )  . E Q .  ' ' ) THEN 

OKI NCR =  . F A L S E .
E L S E I F  ( S T R I N G ( N C : N C )  . E Q .  ' , ' ) THEN 

OKI NCR =  . T R U E .
E LS E

GO TO 1 6 0  
E N D I F

C
C   e n d  o f  s u b s t r i n g  f o u n d  -  r e a d  v a l u e  i n t o  r e a l  a r r a y
C
1 8 0  CONTINUE

NFOUND =  NFOUND + 1 
I F  (NFOUND . G T .  NEXP)  THEN 

I E R R  =  3
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GO TO 5 0 0  
E N D I F

C
DATA FMT/ '  ( E l . 0 )  ' , ' ( E 2 . 0 )  ' , ’ ( E 3 . 0 )  ' , ' ( E 4 . 0 ) ' ,

1 ' ( E 5 . 0 )  ' , ' ( E 6 . 0 )  ' , ' ( E 7 . 0 )  ' , ' ( E 8 . 0 )  ' , ' ( E 9 . 0 ) ' ,
2 ' ( E 1 0 . 0 ) '  , ■ ( E l l . 0 ) ' , '  ( E 1 2 . 0 ) ’ , ' ( E 1 3 . 0 )  ’ , ’ ( E 1 4 . 0 ) ' ,
3  ' ( E 1 5 . 0 ) ' , ' ( E 1 6 . 0 ) ' , ' ( E 1 7 . 0 )  ' , ' ( E 1 8 . 0 )  ' , ' ( E 1 9 . 0 )  ' ,
4 ' ( E 2 0 . 0 ) ' , ' ( E 2 1 . 0 ) ' , ’ ( E 2 2 . 0 )  ’ /

I E S  “  NC -  1
NCH =  I E S  -  I B S  +  1
I TE MP  “  '  '
I TE MP  =  S T R I N G ( I B S : I E S )
READ ( I T E M P ( 1 : N C H ) , F M T ( N C H ) , ERR = 4 0 0 )  RVAL(NFOUND)
GO TO 4 5 0  

4 0 0  CONTINUE
WR ITE (LOUT,  5 5 5 )  S T R I N G ( I B S : I E S )

5 5 5  FORMAT (A)
I E R R  = 1 
GO TO 5 1 0  

4 5 0  CONTINUE
NC =  NC + 1
I F  (NC . L E .  I E )  GO TO 1 0 0

0 0  CONTINUE
I F  (NEXPEC . G T .  0  . A N D .  NFOUND . L T .  NEXP)  I E R R  =  2 

5 1 0  CONTINUE 
C

I F  ( I E R R  . E Q .  0 . O R .  ICARD . L T .  0 )  RETURN 
I F  ( ICARD . N E .  0 )  WR ITE  (LOUT,  ' ( A , 1 3 ) ' )

1 ' ! !  ERROR I N  DATA STATEMENT NUMBER' ,  I CARD
I F  ( I E R R  . E Q .  1)

1 WRITE (LOUT,  ’ ( A ) ' ) 'SYNTAX ERROR,  OR I L L E G A L  VALUE'
I F  ( I E R R  . E Q .  2 )  W R I T E  (LOUT,  ' ( A , 1 2 ,  A ,  1 2 ) ' )

1 ' TOO FEW DATA I T E M S .  NUMBER FOUND = ' , NFOUND,
2 ' NUMBER EXPECTED = * ,  NEXPEC

I F  ( I E R R  . E Q .  3 )  WR IT E ( LOUT,  ' ( A , 1 2 ) ’ )
1 ' TOO MANY DATA I T E M S .  NUMBER EXPECTED = ' ,  NEXPEC

END
C

FUNCTION I F I R C H ( S T R I N G )
C BE GI N PROLOGUE I F I R C H
C DATE WRITTEN 8 5 0 6 2 6
C R E V I S I O N  DATE 8 5 0 6 2 6
C CATEGORY NO.  M 4 .
C KEYWORDS CHARACTER S T R I N G S , S I G N I F I C A N T  CHARACTERS
C AUTHOR C L A R K , G . L . , G R O U P  C - 3  LOS ALAMOS N A T ' L LAB
C PURPOSE D e t e r m i n e s  f i r s t  s i g n i f i c a n t  ( n o n - b l a n k )  c h a r a c t e r  
C i n  c h a r a c t e r  v a r i a b l e
C D E S C R I P T I O N
C
c--------------------------------------------------------------------------------------------------------------
C I F I R C H  l o c a t e s  t h e  f i r s t  n o n - b l a n k  c h a r a c t e r  i n  a  s t r i n g  o f
C a r b i t r a r y  l e n g t h .  I f  n o  c h a r a c t e r s  a r e  f o u n d ,  I F I R C H  i s  s e t  = 0 .
C W h e n  u s e d  w i t h  t h e  c o m p a n i o n  r o u t i n e  I L A S C H ,  t h e  l e n g t h  o f  a  s t r i n g
C c a n  b e  d e t e r m i n e d ,  a n d / o r  a  c o n c a t e n a t e d  s u b s t r i n g  c o n t a i n i n g  t h e
C s i g n i f i c a n t  c h a r a c t e r s  p r o d u c e d .
c--------------------------------------------------------------------------------------------------------------
c
C REFERENCES (NONE)
C ROUTI NES CALLED (NONE)
C END PROLOGUE I F I R C H
C * * * * * p r e c i s i o n  > d o u b l e

I M P L I C I T  DOUBLE P R E C I S I O N  ( A - H , 0 - Z ) ,  I N TE G E R  ( I - N )
C * * * * * E N D  p r e c i s i o n  > d o u b l e  
C
C * * * * * p r e C i s i o n  > s i n g l e
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C I M P L I C I T  REAL ( A - H , 0 - Z ) ,  I NT E G ER  ( I - N )
C * * * * * E N D  p r e c i s i o n  > s i n g l e  
C

CHARACTER* ( * ) S T R I N G
C
C F I R S T  EXECUTABLE STATEMENT I F I R C H  

NLOOP =  L E N ( S T R I N G )
C

I F  (NLOOP . E Q .  0 )  THEN 
I F I R C H  «  0 
RETURN 

E N D I F
C

DO 1 0 0  1 = 1 ,  NLOOP
I F  ( S T R I N G ( 1 : 1 )  . N E .  ' ' )  GO TO 1 2 0  

1 0 0  CONTINUE 
C

I F I R C H  =  0 
RETURN 

1 2 0  CONTINUE
I F I R C H  =  I  
END
FUNCTI ON I L A S C H ( S T R I N G )

C BEGI N PROLOGUE I L A S CH
C DATE WR I TTE N 8 5 0  62  6
C R E V I S I O N  DATE 8 5 0 6 2 6
C CATEGORY NO.  M 4 .
C KEYWORDS CHARACTER S T R I N G S , S I G N I F I C A N T  CHARACTERS 
C AUTHOR C L A R K , G . L .  , GROUP C - 3  LOS ALAMOS N A T ' L LAB
C PURPOSE D e t e r m i n e s  l a s t  s i g n i f i c a n t  ( n o n - b l a n k )  c h a r a c t e r
C i n  c h a r a c t e r  v a r i a b l e
C D E S C R I P T I O N
C
c--------------------------------------------------------------------------------------------------------------
C I F I R C H  l o c a t e s  t h e  l a s t  n o n - b l a n k  c h a r a c t e r  i n  a  s t r i n g  o f  
C a r b i t r a r y  l e n g t h .  I f  n o  c h a r a c t e r s  a r e  f o u n d ,  I LAS CH i s  s e t  =  0 .
C W h e n  u s e d  w i t h  t h e  c o m p a n i o n  r o u t i n e  I F I R C H ,  t h e  l e n g t h  o f  a  s t r i n g  
C c a n  b e  d e t e r m i n e d ,  a n d / o r  a  c o n c a t e n a t e d  s u b s t r i n g  c o n t a i n i n g  t h e  
C s i g n i f i c a n t  c h a r a c t e r s  p r o d u c e d .
C N o t e  t h a t  t h e  FORTRAN i n t r i n s i c  f u n c t i o n  LEN r e t u r n s  t h e  l e n g t h  
C o f  a  c h a r a c t e r  s t r i n g  a s  d e c l a r e d ,  r a t h e r  t h a n  a s  f i l l e d .  T h e  
C d e c l a r e d  l e n g t h  i n c l u d e s  l e a d i n g  a n d  t r a i l i n g  b l a n k s ,  a n d  t h u s  i s  
C n o t  u s e f u l  i n  g e n e r a t i n g  ' s i g n i f i c a n t '  s u b s t r i n g s .
c ---------------------------------------------------------------------------------------------------------------
c
C REFERENCES (NONE)
C ROUTI NES CALLED (NONE)
C END PROLOGUE I F I R C H
C * * * * * p r e c i s i o n  > d o u b l e

I M P L I C I T  DOUBLE P R E C I S I O N  ( A - H , 0 - Z ) ,  I N T E G ER  ( I - N )
* * * * *END p r e c i s i o n  > d o u b l e

* * * * * p r e Ci s i 0 n  > s i n g l e
I M P L I C I T  REAL ( A - H , 0 - Z ) ,  I NT E G ER  ( I - N )

* * * * * E N D  p r e c i s i o n  > s i n g l e

C H A R A C T ER * ( * )  S T R I N G

* * * F I R S T  EXECUTABLE STATEMENT I L A S CH  
NLOOP «= LEN ( S T R I N G )
I F  ( N L O O P . E Q . 0 )  THEN 

I L A S C H  ■= 0 
RETURN 

E N D I F
C

DO 100 I = NLOOP, 1, -1
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I F  ( S T R I N G ( I : I )  . N E .  
CONTINUE

' )  GO TO 1 2 0
100 
C
1 2 0  CONTI NUE

I L A S C H  =  I  
END

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
c
c
c
c
c
c
c
c
c
c*

c
c
c
c
c

SUBR OUTI NE CKCOMP ( 1 S T ,  I R A Y ,  I I ,  I )

START PROLOGUE

SUBR OUTI NE CKCOMP ( 1 S T ,  I R A Y ,  I I ,  I ) *
R e t u r n s  t h e  i n d e x  o f  a n  e l e m e n t  o f  a  r e f e r e n c e  c h a r a c t e r  
s t r i n g  a r r a y  w h i c h  c o r r e s p o n d s  t o  a  c h a r a c t e r  s t r i n g ;  
l e a d i n g  a n d  t r a i l i n g  b l a n k s  a r e  i g n o r e d .

I N P U T
1 S T

I RAY

I I

OUTPUT
I

A  c h a r a c t e r  s t r i n g .
D a t a  t y p e  -  C H A R A C T ER * ( * )  

A n  a r r a y  o f  c h a r a c t e r  s t r i n g s ;  
d i m e n s i o n  I R A Y ( * )  a t  l e a s t  I I  

D a t a  t y p e  -  C HA RA C T ER *( * )  
T h e  l e n g t h  o f  I R A Y .

D a t a  t y p e  -  i n t e g e r  s c a l a r .

T h e  f i r s t  i n t e g e r  l o c a t i o n  i n  IRAY i n  w h i c h  1 S T  
c o r r e s p o n d s  t o  I R A Y ( I ) ;  i f  1 S T  i s  n o t  a l s o  a n  
e n t r y  i n  I R A Y ,  1 = 0 .

END PROLOGUE

r * * * * p r e c i s i o n  > d o u b l e
I M P L I C I T  DOUBLE P R E C I S I O N  ( A - H , 0 - Z ) ,  I NTEGER ( I - N )  

* * * * E N D  p r e c i s i o n  > d o u b l e  
r* * * * p r e c i s i o n  >  s i n g l e

I M P L I C I T  REAL ( A - H ,  O - Z ) ,  I NT E G ER  ( I - N )  
r * * * * END p r e c i s i o n  > s i n g l e

CH A RA C T ER * ( * )  1 S T ,  I R A Y ( * )

1 =  0
DO 1 0  N =  I I ,  1 ,  - 1

1 5 1  =  I F I R C H ( 1 S T )
1 5 2  =  I L A S C H ( 1 S T )
I R 1  =  I F I R C H ( I R A Y ( N )  )
I R 2  =  I L A S C H ( I R A Y ( N ) )
I F  ( I S 2 . G E . I S 1  .AND.  I S 2 . G T . 0  

1 I R 2 . G E . I R 1  . AND.  I R 2 . G T . 0
• AND.
• AND.

10 CONTINUE 
RETURN 
END

I S T ( I S 1 : I S 2 ) . E Q . I R A Y ( N ) ( I R 1 : I R 2 )  ) I = N

SUBR OUTI NE CKUNIT ( L I N E ,  A U N I T S ,  E U N I T S ,  I U N I T S )
C
C * * * * * p r e c i s i o n  > d o u b l e

I M P L I C I T  DOUBLE P R E C I S I O N  ( A - H , O - Z ) ,  I NTEGER ( I - N )  
C * * * * * E N D  p r e c i s i o n  > d o u b l e  
C * * * * * p r e c i s i o n  > s i n g l e
C I M P L I C I T  REAL ( A - H , O - Z ) ,  I NT E G ER  ( I - N )
C * * * * * E N D  p r e c i s i o n  > s i n g l e

C HA R AC T E R * ! * )  L I N E ,  I U N I T S ,  A U N I T S ,  E UN I T S
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CHARACTER*4 UPCASE
C

A U N I T S  ■= ' '
E U N I T S  =  ' '
I U N I T S  = ' '
DO 8 5  N =  1 ,  I L A S C H ( L I N E ) - 3  

I ND =  I L A S C H ( I U N I T S )
I F  ( E U N I T S  . E Q .  ' ' )  THEN

I F  ( U P C A S E ( L I N E ( N : ) ,  4 )  . E Q .  ' C A L / ' )  THEN
E U N I T S  -  ' C A L / '
I F  ( I U N I T S  . E Q .  * ’ ) THEN

I U N I T S  =  ' E  u n i t s  c a l / m o l e '
E LS E

I U N I T S ( I N D : )  =  ' ,  E u n i t s  c a l / m o l e '
E N D I F

E L S E I F  ( U P C A S E ( L I N E ( N : ) ,  4 )  . E Q .  1K C A L ' ) THEN 
E U N I T S  =  ' K C A L '
I F  ( I U N I T S  . E Q .  ' ' )  THEN

I U N I T S  =  ' E  u n i t s  K c a l / m o l e '
E LSE

I U N I T S ( I N D : )  =  ' ,  E u n i t s  K c a l / m o l e '
E N D I F

E L S E I F  ( U P C A S E ( L I N E ( N : ) ,  4 )  . E Q .  ' J O U L ' )  THEN 
E U N I T S  =  ' J O U L '
I F  ( I U N I T S  . E Q .  ' ' )  THEN

I U N I T S  «  ' E  u n i t s  J o u l e s / m o l e '
ELSE

I U N I T S ( I N D : )  =  ' ,  E u n i t s  J o u l e s / m o l e '
E N DI F

E L S E I F  ( U P C A S E ( L I N E ( N : ) ,  4 )  . E Q .  ' K J O U ' )  THEN 
E UN I T S  =  ' K J O U '
I F  ( I U N I T S  . E Q .  ' ' )  THEN

I U N I T S  =  ' E  u n i t s  K j o u l e / m o l e '
ELSE

I U N I T S ( I N D : )  =  ' ,  E u n i t s  K j o u l e / m o l e '
E N D I F

E L S E I F  ( U P C A S E ( L I N E ( N : ) ,  4)  . E Q .  ' K E L V ' )  THEN 
E U N I T S  =  ' K E L V '
I F  ( I U N I T S  . E Q .  ' ' )  THEN

I U N I T S  =  ' E  u n i t s  K e l v i n s '
ELSE

I U N I T S ( I N D : )  =  ' ,  E u n i t s  K e l v i n s '
E N D I F

E N D I F
E N D I F
I F  ( AUNI TS  . E Q .  ' ' )  THEN

I F  ( U P C A S E ( L I N E ( N : ) ,  4 )  . E Q .  ' M O L E ' )  THEN 
I F  ( U P C A S E ( L I N E ( N + 4 : ) ,  1)  . E Q .  ’ S ' )  THEN 

A U N I T S  =  ' M OL E '
I F  ( I U N I T S  . E Q .  ' ' )  THEN

I U N I T S  =  ' A  u n i t s  m o l e - c m - s e c - K 1 
E LS E

I U N I T S ( I N D : )  =  ' ,  A  u n i t s  m o l e - c m - s e c - K '  
E N D I F

E L S E I F  ( U P C A S E ( L I N E ( N + 4 : ) ,  4 )  . E Q .  ' C U L E ' )  THEN 
A U N I T S  =  ' MOLC '
I F  ( I U N I T S  . E Q .  ' ' )  THEN

I U N I T S  ■= ' A  u n i t s  m o l e c u l e s '
E LS E

I U N I T S ( I N D : )  =  ' ,  A  u n i t s  m o l e c u l e s '
E N D I F  

E N D I F  
E N D I F  

E N D I F  
8 5  CONTINUE

C
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I F  ( AU N I TS  . E Q .  '  ' )  THEN 
A U N I T S  -  ' M O L E '
I ND  =  I L A S C H ( I U N I T S )  +  1 
I F  ( I N D  . G T .  1 )  THEN

I U N I T S ( I N D : )  •  A  u n i t s  m o l e - c m - s e c - K '
E LS E

I U N I T S ( I N D : )  =  ' A  u n i t s  m o l e - c m - s e c - K '
E N D I F

E N D IF
C

I F  ( E U N I T S  . E Q .  ' ' )  THEN
E U N I T S  “  ' C A L / '
I ND «  I L A S C H ( I U N I T S )  +  1 
I F  ( I N D  . G T .  1 )  THEN

I U N I T S ( I N D : )  =  ' ,  E u n i t s  c a l / m o l e '
E LS E

I U N I T S ( I N D : )  ■= ' E u n i t s  c a l / m o l e '
E N D I F

E N D I F
C

RETURN
END

 c

I NTEGER FUNCTI ON I P P L E N  ( L I N E )

BE GI N PROLOGUE

FUNCTION I P P L E N  ( L I N E )
R e t u r n s  t h e  e f f e c t i v e  l e n g t h  o f  a  c h a r a c t e r  s t r i n g ,  i . e . ,  
t h e  i n d e x  o f  t h e  l a s t  c h a r a c t e r  b e f o r e  a n  e x c l a m a t i o n  m a r k  ( ! )  
i n d i c a t i n g  a  c o m m e n t .

I NP UT
L I N E  -  A  c h a r a c t e r  s t r i n g .

OUTPUT
I P P L E N  -  T h e  e f f e c t i v e  l e n g t h  o f  t h e  c h a r a c t e r  s t r i n g .

END PROLOGUE

* * * * * p r e c i s i o n  > d o u b l e
I M P L I C I T  DOUBLE P R E C I S I O N  ( A - H , O - Z ) ,  I NT E G ER  ( I - N )

* * * * *END p r e c i s i o n  >  d o u b l e  
* * * * * p r e c i s i o n  > s i n g l e

I M P L I C I T  REAL ( A - H , O - Z ) ,  I NT E G ER  ( I - N )
* * * * * E N D  p r e c i s i o n  >  s i n g l e

CHARACTER L I N E * ( * )
C

I N  = I F I R C H ( L I N E )
I F  ( I N . E Q . 0  . O R .  L I N E ( I N : I N ) . E Q . ' ! ' )  THEN 

I P P L E N  =  0 
ELSE

I N  =  I N D E X ( L I N E , ' ! ' )
I F  ( I N  . E Q .  0 )  THEN

I P P L E N  -  I L A S C H ( L I N E )
ELSE

I P P L E N  = I L A S C H ( L I N E ( : I N - 1 )  )
E N D I F

E N D IF
RETURN
END

C
CHA RACTER * ( * )  FUNCTI ON U P C A S E ( I S T R ,  I L E N )
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CHARACTER ISTR*(*), LCASE(26)*1, UCASE(26)*1
DATA LCASE / ’a ’, 'b', 'c','d', 'e', ’f', 'g\ 'h\ ' i 1,. ’ j ■. ' k'  , '1', 'm' ,
1 , •o’,'P' / ' q ' , •r\ 's', 'u', ' V , V , 'x' ,■ y , ' z ' /
2 UCASE /*A', 'B', • c , 'D\ 1 E ' , ' F \ 'G', • H' , ' I ' , • T 'J ,' K' , ' L ' , 'M' ,
3 • N' , ’O' , ■ P \ ' Q \ ' R 1, 'S’, ■ T ■ ,'U', • v , 'W' , 'X' , ' V  , ■ z • /

C
UPCASE = ' '
UPCASE = ISTR(:ILEN)
JJ = MIN (LEN (UPCASE) , LEN (ISTR) , ILEN)
DO 10 J = 1, JJ 

DO 10 N = 1,26
IF (ISTR(J :J) .EQ. LCASE(N)) UPCASE(J:J) = UCASE(N) 

10 CONTINUE 
RETURN 
END
SUBROUTINE CKI2CH (NUM, STR, I, KERR)

c
cr* START PROLOGUE
K,
c SUBROUTINE CKI2CH (NUM, STR, I, KERR)
c Returns a character string representation of an integer
c
(2 and the effective length of the string.
C INPUT
C NUM A  number to be converted to a character string;
c the maximum magnitude of NUM is machine-dependent.
c
c

Data type - integer scalar.
c OUTPUT
c STR A  left-justified character string representing NUM
c Data type - CHARACTER*(*)
c I The effective length of the character string
c Data type - integer scalar
c KERR - Error flag; character length errors will result in
c KERR=.TRUE.
c
c

Data type - logical
c
c

END PROLOGUE
C * ****precision > double

IMPLICIT DOUBLE PRECISION (A-H,O-Z), INTEGER (I-N) 
*****END precision > double 
*****precision > single

IMPLICIT REAL (A-H,O-Z), INTEGER (I-N)
*****END precision > single

CHARACTER STR*(*), 1ST(10)*(1)
LOGICAL KERR
DATA IST/'O','1','2',’3','4',’5','6','7','8','9'/ 
BIGI = 2147483647.

C
1 =  0 
STR = ' '
ILEN = LEN(STR)
KERR = .FALSE.
IF (ILEN.LT.1 .OR. ABS(NUM).GT.BIGI) THEN 

KERR = .TRUE.
RETURN

ENDIF
C

IF (NUM .EQ. 0) THEN 
STR = 'O'
1 =  1 
RETURN 

ELSEIF (NUM .LT. 0) THEN 
S T R (1:) =
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ENDIF
C

INUM = ABS(NUM)
NCOL = NINT(LOG10(REAL(INUM))) + 1

C
DO 10 J = NCOL, 1, -1

IDIV = INUM / 10.0**(J-l)
IF (J.EQ.NCOL .AND. IDIV.EQ.O) GO TO 10 
LT «* ILASCH (STR)
IF (LT .EQ. ILEN) THEN 

STR - ' '
KERR « .TRUE.
RETURN

ENDIF
STR(LT+1:) = IST(IDIV+1)
INUM = INUM - IDIV*10.0**(J-l)

10 CONTINUE
I = ILASCH(STR)

C
RETURN
END

SUBROUTINE THERM_IO(ERROR)
C

IMPLICIT NONE 
INCLUDE 1THM_PAR2.F I '

C
CHARACTER FILE_NAME*20 
INTEGER IDOT, ISTART, IFIRCH 
LOGICAL ERROR

C
ERROR = .FALSE.

5 WRITE(*,10)
10 FORMAT(1 Enter the file name for conversion : ') 

READ(*, ' (A20) 1)FILE_INP
OPEN(INP,FILE=FILE_INP, STATUS='OLD' , ERR=30)
GO TO 50 

30 CONTINUE
WRITE(*,40)FILE_INP 

40 FORMAT!1 Can not find file : ',A20)
GO TO 5 

50 CONTINUE
ISTART = IFIRCH(FILE_INP)
IDOT = INDEX(FILE_INP, '.')
FILE_NAME = FILE_INP(ISTART:IDOT-1)

C FILE_LOG = FILE_NAME + '.' + 'LOG1
FILE_LOG = 'THERMCVT.LOG'

C FILE_LOG(IDOT:IDOT) = '.'
C FILE_LOG(IDOT+1:IDOT+3) = 'LOG'
C FILE_LST = FILE_NAME + '.' + 1L S T '

FILE_LST = FILE_NAME 
FILE_LST(IDOT:IDOT) = '.'
FILE_LST(IDOT+1:IDOT+3) = 1T H M 1 

C FILE_DAT = FILE_NAME + ’.' + 'DAT'
C

OPEN(LOG,FILE=FILE_LOG, STATUS='UNKNOWN',ERR=230) 
GO TO 250 

230 CONTINUE
WRITE(*,24 0)FILE_LOG 

240 FORMAT(' File I/O Error : ',A20)
ERROR = .TRUE.
GO TO 350
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250 CONTINUE
C

OPEN(LST,FILE=FILE_LST,STATUS='UNKNOWN',ERR=330) 
GO TO 350 

330 CONTINUE
W R I T E (*,340)FILE_LST 

340 FORMAT(' File I/O Error : ',A20)
ERROR - .TRUE.
GO TO 350 

350 CONTINUE
C

RETURN
END
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c
PROGRAM CKINTP

C
c  c
C VERSION 4.0 W.ING
C CHEBYSHEV POLYNOMIALS
C VERSION 3.0
C CHANGES FROM VERSION 1.0
C 1. Changed from REAL*8 to DOUBLE PRECISION
C CHANGES FROM VERSION 1.1
C 1. Changed CHARACTER*100 to CHARACTER* 8 0
C 2. Added THERMO "ALL" option
C 3. Write LENICK, LENRCK, LENCCK to linking file
C 4. Allow reaction species to end in or
C 5. Allow real values of elemental composition in THERMO cards
C 6. Allow upper/lower case input
C CHANGES FROM VERSION 1.2
C 1. Reaction delimiters are now "=" or "<=>" if reversible,
C " =>" if irreversible.
C 2. Fixed an error with IFIRCH(LINE) in IPPLEN
C CHANGES FROM VERSION 1.3
C 1. Add "unix" change blocks
C CHANGES FROM VERSION 1.4
C 1. Modify OPEN statements
C CHANGES FROM VERSION 1.5
C 1. Correct molecules to moles unit conversion
C 2. Correct UPCASE to avoid dimensioning errors
C CHANGES FROM VERSION 1.7
C 1. Further correction of molecules conversion for fall-off
C and third-body reactions
C CHANGES FOR VERSION 1.8
C 1. Change Subroutine CKUNIT to parse LINE instead of SUB(*)
C in order to correct misinterpretation of unit strings
C with slashes.
C CHANGES FOR VERSION 1.9
C 1. First record of linking file now consists of a character
C string version, precision, and logical error flag
C CHANGES FOR VERSION 2.0
C 1. Error in UPCASE could cause interpreter to ignore some
C keywords.
C CHANGES FOR VERSION 2.1
C 1. 10/18/90 (F. Rupley):
C Error in scaling the pre-exponential constants RPAR(3,*)
C where REV is declared, and FPAL(3,*) for fall-off reactions,
C as RPAR(3,II)*EFAC should read RPAR(3,NREV), and
C FPAL(3,II)*EFAC should read FPAL(3,NFAL).
C This error was introduced in CKINTERP. 15 during refinement
C Dof units conversion routines.
C 2. Subroutine CKDUP modified to recognize that two reactions
C may be duplicate except for a third-body species in a
C fall-off reaction.
C CHANGES FOR VERSION 2.2
C 1. 11/14/90 (F. Rupley per M. Coltrin):
C Initialize variable NCHRG
C CHANGES FOR VERSION 2.3
C 1. In CKPREAC, error correction of 10/18/90 (above, V2.1).

CHANGES FOR VERSION 2.4
1. Additional checking of TLO,TMID,THI for species -

a) set initial values at -1.
b) if user has not provided a TLO,TMID, or THI, use the

305
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C values provided by THERMO.DAT.
C c) check that TLO < THI, TLO <= TMID <= THI
C CHANGES FOR VERSION 2.5
C 1. Need to get TLO,THI,TMID from database BEFORE reading
C user's THERMO data (unless THERMO ALL option is used)
C CHANGES FOR VERSION 2.6
C 1. LENRCK lengthened by II+NREV to reflect additional
C work space needed by CKRAT for a 4th parameter
C (perturbation factor).
C CHANGES FOR VERSION 2.7
C 1. Two otherwise duplicate reactions are unique if one
C is a third body reaction and the other not.
C CHANGES FOR VERSION 2.8
C 1. Change output format to print all 16 characters for
C a species name.
C CHANGES FOR VERSION 2.9 (2/24/92 F. Rupley)
C 1. Check that reverse (REV) parameters were given when
C RTL reverse Teller-Landauer parameters are given.
C 2. Add 2*11 to length of real work space
C CHANGES FOR VERSION 3.0 (4/13/92 F. Rupley per M. Coltrin)
C 1. Correct logic in CKDUP, add argument to call list.
C
C
C CKINTP interprets a formatted ASCII representation of a
C chemical reaction mechanism and creates the binary file LINK
C required by CHEMKIN. CKINTP is dimensioned as follows:
c
c****************changecj w.xn g 06-15-94, 08-01-95*********************** 
C
C MDIM = maximum number of elements in a problem; (20)
C KDIM = maximum number of species in a problem; (500)
C MAXTP= maximum number of temperatures used to fit (3)
C thermodynamic properties of species
C NPC = number of polynomial coefficients to fits (5)
C NPCP2= number of fit coefficients for a temperature range (7)
C IDIM = maximum number of reactions in a mechanism; (1500)
C NPAR = number of Arrhenius parameters in a reaction; (3)
C NLAR = number of Landau-Teller parameters in a reaction; (2)
C NFAR = number of fall-off parameters in a reaction; (70)
C MAXSP= maximum number of species in a reaction (6)
C MAXTB= maximum number of third bodies for a reaction (10)
C LSYM = character string length of element and species names (16)
C
C User input is read from LIN (Unitl5), a thermodynamic database
C is read from LTHRM (Unitl7), printed output is assigned to LOUT
C (Unitl6), and binary linking data is written to LINC (Unit25).
C
C REQUIRED ELEMENT INPUT: (Subroutine CKCHAR) (DIMENSION)
C
C The word 'ELEMENTS' followed by a list of element
C names, terminated by the word 'END';
C
C The resulting element data stored in LINK is:
C MM - integer number of elements found
C ENAME(*) - CHARACTER*(*) array of element names (MDIM)
C A W T (*) - real array of atomic weights; (MDIM)
C default atomic weights are those on
C atomic weight charts; if an element
C is not on the periodic chart, or if
C it is desirable to alter its atomic
C weight, this value must be included
C after the element name, enclosed by
C slashed, i.e., D/2.014/
C
C REQUIRED SPECIES INPUT: (Subroutine CKCHAR)
C
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C The word 'SPECIES' followed by a list of species
C names, terminated by the word 'END';
C
C The resulting species data stored in LINK is:
C KK integer number of species found
C KNAME(*) - CHARACTER*(*) array of species names (KDIM)
C
C OPTIONAL THERMODYNAMIC DATA: (Subroutine CKTHRM)
C (If this feature is not used, thermodynamic properties are
C obtained from a CHEMKIN database.) The format for this option
C is the word 'THERMO' followed by any number of 4-line data sets:
C
C Line 1: species name, optional comments, elemental composition,
C phase, T(low), T(high), T(mid), additional elemental
C composition, card number (col. 80);
C format(A10,A14, 4 (A2,13) ,A1,E10.0,E10.0,E8.0, (A2,I3),I1)
C Line 2: coefficients a(l— 5) for upper temperature range,
C card number (col. 80);
C format(5(el5.0),II)
C Line 3: coefficients a (6— 7) for upper temperature range,
C coefficients a(l— 3) for lower temperature range,
C card number (col. 80);
C format(5(el5.0),II)
C Line 4: coefficients a (4— 7) for lower temperature range,
C card number (col. 80);
C format(4(el5.0),II)
C
C End of THERMO data is indicated by 'END' line or new keyword.
C
C The resulting thermodynamic data stored in LINK are:
C WTM(*) - real array of molecular weights (KDIM)
C KNCF(*,*)- integer composition of species (MDIM,KDIM)
C KPHSE(*) - integer phase of a species; (KDIM)
C - 1 (solid), 0(gas), + 1 (liquid).
C KCHRG(*) - ionic charge of a species; (KDIM)
C = 0  except in presence/absence of electrons
C = +n in absence of n electrons
C = -n in presence of n electons
C NCHRG - integer number of species with K C H R G O 0
C NT(*) - array of number of temperatures used (KDIM)
C in fits
C T(*,*) - array of temperatures used in fits (MAXTP,KDIM)
C A(N,L,K) - Thermodynamic properties for (NPC+2,NTR,KDIM)
C species K consists of polynomial
C coefficients for fits to
C CP/R = SUM (A(N, L, K)*Temperature* * (N -1), N=l,NPC + 2)
C where T(L, K) <= Temperature < T(L+1,K),
C and,
C N=NPC+1 is formation enthalpy HO/R = A(NPC+1, L,K),
C N=NPC+2 is formation entropy SO/R = A(NPC+2,L,K)
C
C OPTIONAL REACTION INPUT:
C Reaction data is input after all ELEMENT, SPECIES and THERMO
C data in the following format:
C
C 1) (Subroutine CKREAC)
C The first line contains the keyword 'REACTIONS1 and an
C optional description of units:
C
C 'MOLES' - (default), pre-exponential units are moles-sec-K;
C 'MOLECULES' - pre-exponential units are molecules and
C will be converted to moles.
C 'KELVINS' - activation energies are Kelvins, else the
C activation energies are converted to Kelvins;
C 'CAL/MOLE' - (default), activation energies are cal/mole;
C 'KCAL/MOLE' - activation energies are Kcal/mole;
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C 'JOULES/MOLE' - activation energies are joules/mole;
C 1KJOULES/MOLE' - activation energies are Kjoules/mole.
C
C A  description of each reaction is expected to follow.
C Required format for a reaction is a list of 1+'-delimited
C reactants, followed by a list of '+'-delimited reactants,
C each preceded by its stoichiometric coefficient if greater
C than 1; separating the reactants from the products is a '='
C if reversible reaction, else a '*=>'. Following the reaction
C string on the same line are the space-delimited Arrhenius
C coefficients.
C
C If the reaction contains a third body, this is indicated by
C by the presence of an 'M' as a reactant or product or both,
C and enhancement factors for third-bodies may be defined on
C additional lines as described in (2).
C
C If the reaction contains a radiation wavelength, this is
C indicated by the presence of an 'HV' either as a reactant
C or as a product. Unless otherwise defined on additional
C lines as described in (2), the value of the wavelength is
C -1.0 if a reactant or +1.0 if a product.
C
C If the reaction is a fall-off reaction, this is indicated
C either by a '(+M)1 or a '(+KNAME(K))', and there must be
C additional lines as described in (2) to define fall-off
C parameters.
C
C 2) (Subroutine CKAUXL)
C Additional information for a reaction is given on lines
C immediately following the reaction description; this data
C will consist of a ’keyword' to denote the type of data,
C followed by a ’/ ’, then the required parameters for the
C keyword, followed by another There may be more than
C one keyword per line, and there may be any number of lines.
C The keywords and required parameters are as follows:
C
C KNAME(K)/efficiency value/ - species (K) is an enhanced
C third body in the reaction
C HV/wavelength/ - radiation wavelength parameter
C LT/vall val2/ - Landau-Teller coefficients
C LOW/vall val2 val3/ - low fall-off parameters
C TROE/vall val2 val3 val4/ - Troe fall-off parameters;
C if val4 is omitted, a default
C parameter will be used
C
C ADDED W.ING, 06/15/95**********************************
C
C EXTROE/vall val2 val3 val4 val5/ -
C Extended Troe fall-off parameters;
C
C vall-val4 = Troe parameters
C val5 ■= well # (for cal. ext reduced
C pressure)
C
C  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

c
C SRI/vall val2 val3 val4/ - SRI fall-off parameters;
C if val4 i3 omitted, a default
C parameter will be used
C (it is an error to have both LT and Fall-off defined)
C REV/parl par2 par3/ - reverse parameters given
C RLT/vall val2/ - Landau-Teller coefficients for reverse
C (it is an error if REV given and not RLT)
C
C The end of all reaction data i3 indicated by an 'END' card or



c\
 

cn 
j*

 
u>

 
N>

 
b->

c Resulting reaction data stored in LINC are:
c II - integer number of reactions found
c P A R (*,*) - array of real Arrhenius coefficients (NPAR,IDIM)
c NSPEC(*) - total number of species in a reaction (IDIM)
c if NSPEC < 0, reaction is irreversible
c NREAC(*) - number of reactants only (IDIM)
c NUNK(*,*) - array of species numbers for reaction (MAXSP,IDIM)
c N U (*,*) - array of stoichiometric coefficients (MAXSP,IDIM)
c of species in a reaction, negative=reactant,
c
c

positive=product
c NWL - number of reactions with radiation wavelength
c IWL(*) - integer reaction numbers (IDIM)
cc WL (*) - real radiation wavelengths (IDIM)
c NTHB - number of reactions with third bodies
c ITHB - integer reaction numbers (IDIM)
c NTBS (*) - total number of enhanced species for NTHB (IDIM)
c NKTB(*,*) - species numbers of enhanced species (MAXTB,IDIM)
c
r*

A I K (* , * ) - enhancement factors (MAXTB,IDIM)
c NFAL - number of fall-off reactions
c IFAL(*) - integer reaction numbers (IDIM)
c KFAL(*) - integer species number for which
c concentrations are a factor in fall-off
c calculation
c IFOP(*) - integer fall-off type number (IDIM)
c = 0  if fall-off reaction is found
c = 1 for Lindemann form
c = 2 for 6-parameter Troe form
c = 3 for 7-parameter Troe form
c = 4 for SRI form
c = 5 for 8-parameter Extended Troe form
c
Q

PFAL(*,*) - fall-off parameters (NFAR,IDIM)
c NLAN - number of reactions with Landau-Teller
c ILAN - integer reaction numbers (IDIM)
c
c

PLAN - Landau-Teller parameters (NLAR,IDIM)

c NREV - number of reactions with reverse parameters
c IREV(*) - integer reaction numbers (IDIM)
cQ RPAR(*,*) — parameters (NPAR,IDIM)
c NRLT - number of reactions with reverse parameters
c and Landau-Teller parameters
c IRLT(*) - integer reaction numbers (IDIM)
c
c
c---

RLAN(*,*) reverse Teller-Laudauer parameters (NLAR,IDIM)

C*****precision > double
IMPLICIT DOUBLE PRECISION (A-H,O-Z), INTEGER (I-N)

C * * * * *END precision > double 
C*****precision > single
C IMPLICIT REAL (A-H,O-Z), INTEGER (I-N)
C*****END precision > single 
C

PARAMETER (MDIM=20, KDIM=500, MKDIM=MDIM*KDIM, IDIM=1500, LSYM=16 
NPAR=3, NPIDIM=IDIM*NPAR, NPC=5, NPCP2=NPC+2, MAXTP=3, 
NTR=MAXTP-1, NKTDIM=NTR*NPCP2*KDIM, MAXSP=6, MAXTB=10, 
NLAR=2, NSIDIM=MAXSP*IDIM, NTIDIM=MAXTB*IDIM, 
NLIDIM=NLAR*IDIM, NFAR=70, NFIDIM=NFAR*IDIM, 
NTDIM=KDIM*MAXTP, NIDIM=9*IDIM, LIN=5, LOUT=6, 
LTHRM=17, LINC=25)
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CHARACTER KNAME(KDIM)* (LSYM), ENAME(MDIM)* (LSYM), SUB(80)*80,
1 K E Y (5) * 4 , LINE*80, IUNITS*80, AUNITS*4, EUNITS*4,
2 UPCASE*4, VERS*(LSYM), PREC*(LSYM)

C
DIMENSION AWT(MDIM) , KNCF(MDIM,KDIM) , WTM(KDIM), KPHSE(KDIM),

1 KCHRG(KDIM), A(NPCP2,NTR,KDIM), T(MAXTP,KDIM), NT(KDIM),
2 NSPEC(IDIM), NREAC(IDIM), NU(MAXSP,IDIM),
3 NUNK(MAXSP,IDIM), PAR(NPAR,IDIM), IDUP(IDIM),IREV(IDIM),
4 RPAR(NPAR,IDIM), ILAN(IDIM), PLAN(NLAR,IDIM),
5 IRLT(IDIM), RLAN(NLAR,IDIM) , IWL(IDIM), WL(IDIM),
6 IFAL(IDIM), IFOP(IDIM), KFAL(IDIM), PFAL(NFAR,IDIM),
7 ITHB(IDIM),NTBS(IDIM),AIK(MAXTB, IDIM),NKTB(MAXTB,IDIM) 
DIMENSION VALUE(5)

C
LOGICAL KERR, THERMO, ITHRM(KDIM)

C
C Initialize variables
C

DATA KEY/'ELEM','SPEC',’THER', 'REAC', 'END'/, KERR/.FALSE./,
1 ITASK, NCHRG,MM, KK,11,NLAN, NFAL, NTHB, NREV, NRLT,NWL/11*0/,
2 ENAME,AWT/MDIM*' ',MDIM*0.0/, THERMO/.TRUE./,
3 T/NTDIM*-1.0/, KNAME,WTM,NT,KPHSE,KCHRG,ITHRM
4 /KDIM*' ’, KDIM*0.0, KDIM*3, KDIM*0, KDIM*0, KDIM*.FALSE./,
5 WL,IFOP,NTBS,IDUP /IDIM*0.0, IDIM*-1, IDIM*0, IDIM*0/,
6 NSPEC, NREAC, IREV,ILAN,IRLT,IWL, IFAL,KFAL,ITHB/NIDIM*0/

C
DATA NUNK,NU/NSIDIM*0, NSIDIM*0/, NKTB,AIK/NTIDIM*0,NTIDIM*-1.0/ 
DATA PAR,RPAR/NPIDIM*0.0, NPIDIM*0.0/
DATA PLAN,RLAN/NLIDIM*0.0, NLIDIM*0.0/
DATA PFAL/NFIDIM*0.0/, KNCF/MKDIM*0.0/, A/NKTDIM*0.0/

C
C ADD FILEIO SUBROUTINE 02/94 ING 
C

CALL FILEIO_INT
C
C
C

VERS = '3.0'
WRITE (LOUT, 15) VERS(:3)

15 FORMAT (/
1' CHEMKIN INTERPRETER OUTPUT: CHEMKIN-II Version ',A,1 Jun. 1991' 

C*****precision > double
2/' DOUBLE PRECISION'/)
PREC = 'DOUBLE'

C*****END precision > double 
C*****precision > single
C 2/' SINGLE PRECISION'/)
C PREC = 'SINGLE'
C*  * * * *end precision > single 
C
C START OF MECHANISM INTERPRETATION
C

100 CONTINUE 
LINE = ' '
READ (LIN, ' (A) ',END=5000) LINE 

105 CONTINUE
ILEN = IPPLEN(LINE)
IF (ILEN .EQ. 0) GO TO 100

C
CALL CKISUB (LINE(:ILEN), SUB, NSUB)

C
C IS THERE A  KEYWORD?
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c
CALL CKCOMP ( UPCASE(SUB(1), 4) , KEY, 5, NKEY)
IF (NKEY .GT. 0) ITASK = 0

C
IF (NKEY.EQ.l .OR. NKEY.EQ.2) THEN 

ELEMENT OR SPECIES DATA 
ITASK - NKEY
IF (NSUB .EQ. 1) GO TO 100
DO 25 N = 2, NSUB 

SUB(N-l) = ' '
SUB(N-l) = SUB(N)

25 CONTINUE
NSUB ■= NSUB-1

ELSEIF (NKEY .EQ. 3) THEN
THERMODYNAMIC DATA
IF (NSUB .GT. 1) THEN

IF ( UPCASE(SUB(2), 3) .EQ. ’ALL') THEN 
THERMO = .FALSE.
READ (LIN,' (A)') LINE
CALL IPPARR (LINE, -1, 3, VALUE, NVAL, IER, LOUT)
IF (NVAL .NE. 3 .OR. IER.NE.0) THEN 

KERR = .TRUE.
WRITE (LOUT, 333)

ELSE
TLO = V ALUE(1)
TMID *= VALUE(2)
THI = VALUE(3)

ENDIF 
ENDIF 

ELSE

USE THERMODYNAMIC DATABASE FOR DEFAULT TLO, TMID,THI 
*****o p e n  statement > vms

OPEN (LTHRM, STATUS=’OLD', FORM='FORMATTED', READONLY, 
1 SHARED)

* * * * *END OPEN statement > vms
* * * * *oPEN statement > unix

OPEN (LTHRM, FORM='FORMATTED' , FILE='thermdat') 
*****END OPEN statement > unix

READ (LTHRM,'(A)1) LINE 
READ (LTHRM,'(A)') LINE
CALL IPPARR (LINE, -1, 3, VALUE, NVAL, IER, LOUT)
IF (NVAL .NE. 3 .OR. IER.NE.0) THEN 

KERR = .TRUE.
WRITE (LOUT, 333)

ELSE
TLO = V A L U E (1)
TMID = VALUE(2)
THI = V A L U E (3)

ENDIF
REWIND (LTHRM)
CLOSE (LTHRM)

ENDIF 
C

CALL CKTHRM (LIN, MDIM, ENAME, MM, AWT, KNAME, KK, KNCF,
1 KPHSE, KCHRG, WTM, MAXTP, NT, NTR, TLO, TMID,
2 THI, T, NPCP2, A, ITHRM, KERR, LOUT, LINE)

C
IF (.NOT. THERMO)
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1 CALL CKPRNT (MDIM, MAXTP, MM, ENAME, KK, KNAME, WTM, KPHSE,
2 KCHRG, NT, T, TLO, TMID, THI, KNCF, ITHRM,
3 LOUT, KERR)

II = IFIRCH(LINE)
IF (UPCASE(LINE(II:), 4) .EQ. 1REAC') GO TO 105

C
ELSEIF (NKEY .EQ. 4) THEN

C
ITASK = 4

C START OF REACTIONS; ARE UNITS SPECIFIED?
CALL CKUNIT (LINE(:ILEN), AUNITS, EUNITS, IUNITS)

C
IF (THERMO) THEN

THERMODYNAMIC DATA 
*****OPEN statement > vms

OPEN (LTHRM, STATUS='OLD', FORM='FORMATTED', READONLY,
1 SHARED)

*****END OPEN statement > vms 
* * ** *OPEN statement > unix

OPEN (LTHRM, FORM='FORMATTED', FILE='thermdat')
*****END OPEN statement > unix

READ (LTHRM,'(A)’) LINE 
READ (LTHRM,' (A)') LINE
CALL IPPARR (LINE, -1, 3, VALUE, NVAL, IER, LOUT)
IF (NVAL .NE. 3 .OR. IER.NE.0) THEN 

KERR = .TRUE.
WRITE (LOUT, 333)

ELSE
TLO = VALUE(1)
TMID = VALUE(2)
THI = VALUE(3)

ENDIF
CALL CKTHRM (LTHRM, MDIM, ENAME, MM, AWT, KNAME, KK, KNCF,

1 KPHSE, KCHRG, WTM, MAXTP, NT, NTR, TLO, TMID,
2 THI, T, NPCP2, A, ITHRM, KERR, LOUT, LINE)

CALL CKPRNT (MDIM, MAXTP, MM, ENAME, KK, KNAME, WTM, KPHSE,
1 KCHRG, NT, T, TLO, TMID, THI, KNCF, ITHRM,
2 LOUT, KERR)

THERMO = .FALSE.
ENDIF

WRITE (LOUT, 1800)
GO TO 100 

ENDIF

IF (ITASK .EQ. 1) THEN
ELEMENT DATA

IF (MM .EQ. 0) THEN 
WRITE (LOUT, 200)
WRITE (LOUT, 300)
WRITE (LOUT, 200)

ENDIF
IF (NSUB .GT. 0) THEN 

Ml = MM +1
CALL CKCHAR (SUB, NSUB, MDIM, ENAME, AWT, MM, KERR, LOUT) 
DO 110 M = Ml, MM

IF (AWT(M) .LE. 0) CALL CKAWTM (ENAME(M), AWT(M))
WRITE (LOUT, 400) M,ENAME(M)(:4),AWT(M)
IF (AWT(M) .LE. 0) THEN 

KERR = .TRUE.
WRITE (LOUT, 1000) ENAME(M)
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ENDIF
110 CONTINUE

ENDIF
C

ELSEIF (ITASK .EQ. 2) THEN
C
C PROCESS SPECIES DATA
C

IF (KK .EQ. 0) WRITE (LOUT, 200)
IF (NSUB .GT. 0)

1 CALL CKCHAR (SUB, NSUB, KDIM, KNAME, WTM, KK, KERR, LOUT)
C

ELSEIF (ITASK .EQ. 4) THEN
C
C PROCESS REACTION DATA
C

IND = 0
DO 120 N «= 1, NSUB

IND = MAX(IND, INDEX(SUB(N),'/'))
IF (UPCASE(SUB(N) , 3) .EQ. 'DUP') IND = M A X (IND,1)

120 CONTINUE
IF (IND .GT. 0) THEN

C
C AUXILIARY REACTION DATA
C

CALL CKAUXL (SUB, NSUB, II, KK, KNAME, LOUT, MAXSP, NPAR,
1 NSPEC, NTHB, ITHB, NTBS, MAXTB, NKTB, AIK,
2 NFAL, IFAL, IDUP, NFAR, PFAL, IFOP, KFAL, NLAN,
3 ILAN, NLAR, PLAN, NREV, IREV, RPAR,
4 NRLT, IRLT, RLAN, NWL, IWL, WL, KERR)

C
ELSE

C
C THIS IS A  REACTION STRING
C

IF (II .LT. IDIM) THEN
C

IF (II .GT. 0)
C
C CHECK PREVIOUS REACTION FOR COMPLETENESS
C

1 CALL CPREAC (II, MAXSP, NSPEC, NPAR, PAR, RPAR,
2 AUNITS, EUNITS, NREAC, NUNK, NU, KCHRG,
3 MDIM, MM, KNCF, IDUP, NFAL, IFAL, KFAL,
4 NFAR, PFAL, IFOP, NREV, IREV, NTHB, ITHB,
5 NLAN, ILAN, NRLT, IRLT, KERR, LOUT)

C
C NEW REACTION
C

II «= II + l
CALL CKREAC (LINE(:ILEN), II, KK, KNAME, LOUT, MAXSP,

1 NSPEC, NREAC, NUNK, NU, NPAR, PAR,
2 NTHB, ITHB, NFAL, IFAL, KFAL, NWL,
3 IWL, WL, KERR)

C
ELSE

WRITE (LOUT, 1070)
KERR = .TRUE.

ENDIF
C

ENDIF 
ENDIF 
GO TO 100

C
5000 CONTINUE

C
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C END OF INPUT 
C

IF (II .GT. 0) THEN
C
C CHECK FINAL REACTION FOR COMPLETENESS
C

CALL CPREAC (II, MAXSP, NSPEC, NPAR, PAR, RPAR, AUNITS,
1 EUNITS, NREAC, NUNK, NU, KCHRG, MDIM, MM,
2 KNCF, IDUP, NFAL, IFAL, KFAL, NFAR, PFAL, IFOP,
3 NREV, IREV, NTHB, ITHB, NLAN, ILAN, NRLT,
4 IRLT, KERR, LOUT)

C
C CHECK REACTIONS DECLARED AS DUPLICATES
C

DO 500 1 = 1 ,  II
IF (IDUP(I) .LT. 0) THEN 

KERR = .TRUE.
WRITE (LOUT, 1095) I 

ENDIF 
500 CONTINUE

C
WRITE (LOUT, '(/IX,A)') ' NOTE: '//IUNITS(:ILASCH(IUNITS))

C
ELSEIF (THERMO) THEN

C
C THERE WAS NO REACTION DATA, MAKE SURE SPECIES DATA IS COMPLETE
C
C*****OPEN statement > vms
C OPEN (LTHRM, STATUS='OLD', FORM='FORMATTED', READONLY,
C 1 SHARED)
C*****END OPEN statement > vms 
C*****OPEN statement > unix
C OPEN (LTHRM, FORM='FORMATTED', FILE='thermdat')
C*****END OPEN statement > unix 
C

READ (LTHRM,'(A)') LINE 
READ (LTHRM,'(A)1) LINE
CALL IPPARR (LINE, -1, 3, VALUE, NVAL, IER, LOUT)
IF (NVAL .NE. 3 .OR. IER.NE.0) THEN 

KERR = .TRUE.
WRITE (LOUT, 333)

ELSE
TLO = VALUE(1)
TMID = V ALUE(2)
THI = VALUE(3)

ENDIF
CALL CKTHRM (LTHRM, MDIM, ENAME, MM, AWT, KNAME, KK, KNCF,

1 KPHSE, KCHRG, WTM, MAXTP, NT, NTR, TLO, TMID,
2 THI, T, NPCP2, A, ITHRM, KERR, LOUT, LINE)

CALL CKPRNT (MDIM, MAXTP, MM, ENAME, KK, KNAME, WTM, KPHSE,
1 KCHRG, NT, T, TLO, TMID, THI, KNCF, ITHRM,
2 LOUT, KERR)
ENDIF

C
DO 1150 K = 1, KK

IF (KCHRG(K) .NE. 0) NCHRG = NCHRG+1
1150 CONTINUE

C
LENICK = 1 + (3 + MM)*KK + (2 + 2*MAXSP)*11 + NLAN + NRLT

1 + 3*NFAL + (2 + MAXTB)*NTHB + NREV + NWL
LENCCK = MM + KK
LENRCK = 3 + MM + K K * (5 + MAXTP + NTR*NPCP2) + 11*7 + NREV
1 + NPAR*(II + NREV) + NLAR*(NLAN + NRLT)
2 + NFAR*NFAL + MAXTB*NTHB + NWL

C
C OPEN LINKING FILE
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*****OPEN statement > vms
OPEN (LINC, STATUS” 1 N E W , FORM='UNFORMATTED'}

*****END OPEN statement > vms 
*****OPEN statement > unix

OPEN (LINC, FORM” 'UNFORMATTED1, FILE” 'cklink')
*****END OPEN statement > unix

WRITE (LINC) VERS, PREC, KERR
WRITE (LINC) LENICK, LENRCK, LENCCK, MM, KK, II, MAXSP,
1 MAXTB, MAXTP, NPC, NPAR, NLAR, NFAR, NREV, NFAL,
2 NTHB, NLAN, NRLT, NWL, NCHRG
WRITE (LINC) (ENAME (M), AWT (M) , M  = 1, MM)
WRITE (LINC) (KNAME(K) , (KNCF(M,K) ,M=l,MM), KPHSE(K),
1 KCHRG(K), WTM(K), NT(K), (T(L, K),L=1,MAXTP),
2 ( (A(M, L, K) , M=l, NPCP2) , L=l, NTR) , K =  1, KK)
IF (II .GT. 0) THEN

WRITE (LINC) (NSPEC(I), NREAC(I), (PAR(N,I), N = 1, NPAR),
1 (NU (M, I) , NUNK (M, I) , M = 1, MAXSP), 1 = 1, II)

IF (NREV .GT. 0) WRITE (LINC)
1 (IREV(N), (RPAR(L,N),L=1,NPAR),N=1,NREV)

IF (NFAL .GT. 0) WRITE (LINC)
1 (IFAL(N),IFOP(N),KFAL(N), (PFAL(L,N),L=1,NFAR), N =  1, NFAL)

IF (NTHB .GT. 0) WRITE (LINC)
1 (ITHB(N),NTBS(N), (NKTB(M,N),AIK(M,N),M=1,MAXTB),N=l,NTHB)

IF (NLAN .GT. 0) WRITE (LINC)
1 (ILAN(N), (PLAN(L,N), L = 1, NLAR), N = 1, NLAN)

IF (NRLT -GT. 0) WRITE (LINC)
1 (IRLT(N), (RLAN(L ,N ), L = 1, NLAR), N=1,NRLT)

IF (NWL .GT. 0) WRITE (LINC) (IWL(N), WL(N), N = 1, NWL)
ENDIF

IF (KERR) THEN
WRITE (LOUT, '(//A)')

1 ’ WARNING...THERE IS AN ERROR IN THE LINKING FILE'
ELSE

IF (II .LE. 0) WRITE (LOUT, '(/A)’)
1 1 WARNING...NO REACTION INPUT FOUND; ’,
2 ' LINKING FILE HAS NO REACTION INFORMATION ON IT.'

C
WRITE (LOUT, '(///A)')

1 ' NO ERRORS FOUND ON INPUT...CHEMKIN LINKING FILE WRITTEN.'
C

WRITE (LOUT, ’ (/A,3 (/A,16))')
1 ' WORKING SPACE REQUIREMENTS ARE',
2 ' INTEGER: ',LENICK,
3 • REAL: ',LENRCK,
4 ' CHARACTER: ',LENCCK
ENDIF

c  c
c
C FORMATS
C

200 FORMAT (26X,20('-*))
300 FORMAT (26X, 'ELEMENTS',5X, 'ATOMIC',/26X, 'CONSIDERED',3X, 'WEIGHT')

C

C

C

C



n
n

o
n

n
 

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
 

n 
n

o
n

 
n

o
n

316

333 FORMAT (/6X,'Error...no TLO,TMID,THI given for THERMO ALL...'/)
400 FORMAT (25X,I3,'. ’,A4,G15.6)

1000 FORMAT (6X,'Error...no atomic weight for element 1,A)
1070 FORMAT (6X,'Error...more than IDIM reactions...')
1095 FORMAT (6X,'Error...no duplicate declared for reaction n o . ',13) 
1800 FORMAT (///54X, ’(k = A  T**b exp(-E/RT))',/,

1 6X,'REACTIONS CONSIDERED',30X,'A',8X,'b ',8X,'E ',/)

CLOSE(LOUT) 
CLOSE(LINC)

STOP
END

SUBROUTINE CKCHAR (SUB, NSUB, NDIM, STRAY, RAY, NN, KERR, LOUT)
Extracts names and real values from an array of CHARM*) 
substrings; stores names in STRAY array, real values in RAY; 
i.e. can be used to store element and atomic weight data, 
species names, etc.
Input: SUB(N),N=1, NSUB

NSUB 
NDIM 
NN
STRAY(N),N=l, NN 
RAY (N) , N=l, NN 
LOUT 

Output: NN
STRAY(N) , N=l,NN 
RAY (N) , N=l, NN 
KERR

array of CHAR*(*) substrings 
number of substrings 
size of STRAY,RAY arrays 
actual number of STRAY found 
CHAR*(*) array 
Real array
output unit for error messages 
incremented if more STRAY found 
incremented array of STRAY 
incremented array of reals 
logical, .TRUE. = error in data

F. Rupley, Div. 8245, 2/5/88
*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,O-Z), INTEGER (I-N) 
*****END precision > double 
****‘precision > single

IMPLICIT REAL (A-H,O-Z), INTEGER (I-N)
*****END precision > single

DIMENSION R A Y (*), PAR(l)
CHARACTER S U B (*)*(*), STRAY(*)*(*), ISTR*80, UPCASE*4 
LOGICAL KERR

ILEN <= LEN (STRAY (1) )
DO 200 N = 1, NSUB

IF ( UPCASE(SUB(N), 3) .EQ. 'END') RETURN 
ISTR = ' '
II = INDEX(SUB(N),'/')
IF (II .EQ .1) THEN 

KERR = .TRUE.
WRITE (LOUT, 130) SUB(N)(:ILASCH(SUB(N))) 

ELSE
IF (II .LE. 0) THEN 

ISTR = SUB(N)
ELSE

ISTR = SUB(N)(:I1—1)
ENDIF
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CALL CKCOMP (ISTR, STRAY, NN, INUM)
IF (INUM .GT. 0) THEN

WRITE (LOUT, 100) SUB(N)(:ILASCH(SUB(N)))
ELSE

IF (NN .LT. NDIM) THEN
IF (ISTR(ILEN+1:) .NE. ' ') THEN

WRITE (LOUT, 120) SUB(N)(:ILASCH(SUB(N)))
KERR “ .TRUE.

ELSE
NN » NN + 1 
STRAY(NN) = ' '
STRAY(NN) = ISTR(:ILEN)
IF (II .GT. 0) THEN

12 - II + INDEX(SUB(N) ( 1 1 + 1 : ) )
ISTR » ' '
ISTR - SUB(N) (11+1:12-1)
CALL IPPARR (ISTR, 1, 1, PAR, NVAL, IER, LOUT) 
IF (IER .EQ. 0) THEN 

RAY(NN) = P A R (1)
ELSE

KERR = .TRUE.
ENDIF

ENDIF
ENDIF

ELSE
WRITE (LOUT, 110) SUB(N)(:ILASCH(SUB(N)))
KERR = .TRUE.

ENDIF 
ENDIF 

ENDIF 
200 CONTINUE
100 FORMAT (6X,'Warning...duplicate array element i g n o r e d . A )
110 FORMAT (6X,'Error...character array size too small for .,.',A) 
120 FORMAT (6X,'Error...character array element name too long...',A) 
130 FORMAT (6X,'Error...misplaced v a l u e . A )

END
SUBROUTINE CKAWTM (ENAME, AWT)

Returns atomic weight of element ENAME. 
Input: ENAME - CHAR*(*) element name
Output: AWT - real atomic weight

F. Rupley, Div. 8245, 11/11/86

C 
C 
C 
C 
C 
C
c -
C*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,O-Z), INTEGER (I-N) 
*****END precision > double 
*****precision > single

IMPLICIT REAL (A-H, O-Z), INTEGER (I-N)
*****END precision > single

PARAMETER (NATOM = 102)
DIMENSION ATOM(NATOM)
CHARACTER ENAME*(*), IATOM(NATOM)*2, UPCASE*2

DATA (IATOM(I),ATOM(I) ,1=1,40) /* ■H ', 1.00797, 'HE 1 4.00260, LI 6.93900, 'BE' 9.01220,+ •B ’, 10.81100, 'C 1 12.01115, N 14.00670, 'O ', 15.99940,* 'F ', 18.99840, 'NE 1» 20.18300, NA 22.98980, 'MG' 24 . 31200,* 'AL' , 26.98150, 'SI I 28.08600, P 30.97380, 'S ', 32.06400,* 'CL' , 35.45300, 'AR 1/ 39.94800, K 39.10200, 'CA' 40.08000,
* 'SC' , 44.95600, ' TI 1t 47.90000, V 50.94200, 'CR' 51.99600,
* 'MN' , 54.93800, 'FE t 55.84700, CO / 58.93320, ' NI ' , 58.71000,
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* •CU' , 63.54000 ’Z N \  65.37000, 'GA', 69.72000, 'GE , 72.59000,★ ■AS' , 74.92160 ■SE', 78.96000, 'BR', 79.90090, 'KR , 83.80000,★ 'RB' , 85.47000 'SR', 87.62000, 'Y ', 88.90500, ' ZR' , 91.22000/

DATA (IATOM(I) ATOM(I),1=41,80) /★ 'NB' , 92.90600 'MO', 95.94000, ■TC, 99.00000, ■RU’,101.07000,* 'RH' ,102.90500 'PD',106.40000, ■AG',107.87000, 'CD' ,112.40000,★ 'IN' ,114.82000 'SN',118.69000, 'SB',121.75000, 'TE' , 127.60000,
*'i ■,126.90440 •XE',131.30000, 'CS',132.90500, 'BA' , 137.34000,★ 'LA' ,138.91000 'CE',140.12000, 'PR',140.90700, 'ND' ,144.24000,* 'PM' ,145.00000 •SM',150.35000, 'EU',151.96000, 'GD' ,157.25000,* 'TB' ,158.92400 'DY',162.50000, 'HO',164.93000, 'ER' ,167.26000,* 'TM' ,168.93400 'YB',173.04000, 'LU',174.99700, 'HF' , 178.49000,★ 'TA' ,180.94800 'W ',183.85000, 'RE',186.20000, 'OS ,190.20000,* 'IR' ,192.20000 'PT',195.09000, 'AU',196.96700, •HG' ,200.59000/
DATA (IATOM(I) ATOM(I),1=81,NATOM) /* •t l 1,204.37000 'PB',207.19000, 'BI',208.98000, 'PO' ,210.00000,★ 'AT' ,210.00000 'RN',222.00000, 'FR',223.00000, 'RA' ,226.00000,* 'AC' ,227.00000 'TH',232.03800, 'PA',231.00000, 'U ',238.03000,★ 'NP' ,237.00000 'PU',242.00000, 'AM',243.00000, 'CM' ,247.00000,* BK' ,249.00000 'CF',251.00000, 'ES',254.00000, ' FM' ,253.00000,★ 'D ',002.01410 'E ',5.45E-4/
CALL CKCOMP ( UPCASE(ENAME, 2), IATOM, NATOM, L) 
IF (L .GT. 0) AWT = ATOM(L)
RETURN
END

SUBROUTINE CKTHRM (LUNIT, MDIM, ENAME, MM, AWT, KNAME, KK, KNCF,
1 KPHSE, KCHRG, WTM, MAXTP, NT, NTR, TLO, TMID,
2 THI, T, NPCP2, A, ITHRM, KERR, LOUT, ISTR)

C
C
C
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c-----Q ★ * ★ ★

*  *  *  *

*  ★ *  *

Finds thermodynamic data and elemental composition for species 
Input: LUNIT - unit number for input of thermo properties 

MDIM - maximum number of elements allowed
ENAME (M) ,M=1,MM - array of CHARM*) element names 
MM - total number of elements declared 
AWT(M),M=1,MM - array of atomic weights for elements
KNAME (K) ,K=1,KK - array of CHARM*) species names
KK - total number of species declared 
LOUT - output unit for messages 
NT(K),K=1,KK - number of temperature values 
NTR - number of temperature ranges 

Output: KNCF(M,K) - elemental composition of species
KPHSE(K) , K=l, KK - integer array, species phase 
KCHRG(K), K=1,KK - integer array of species charge 

=0, if no electrons,
=(-1)‘number of electrons present 

WTM(K),K=l,KK - array of molecular weights of species 
A(M,L,K)- array of thermodynamic coefficients 
T(N),N=1,NT - array of temperatures 
KERR - logical error flag

‘precision > double
IMPLICIT DOUBLE PRECISION (A-H,O-Z), INTEGER (I-N)

*END precision > double 
‘precision > single

IMPLICIT REAL (A-H, O-Z), INTEGER (I-N)
“ END precision > single

DIMENSION W T M (*), NT(‘), T(MAXTP,‘), KPHSE(‘), KNCF(MDIM,*), 
1 KCHRG(*), A(NPCP2,NTR,*), AWT(‘), VALUE(5)
CHARACTER ENAME(*)*(*) , KNAME(*)*(*), LINE(4)*80, ELEM*16 
CHARACTER UPCASE*4, ISTR*80, SUB(80)*80 
LOGICAL KERR, ITHRM(*)
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c
IF (MM.LG.0 .OR. KK.LE.O) WRITE (LOUT, 80)

C
GO TO 20 

10 CONTINUE 
ISTR = ’ '
READ (LUNIT,'(A)',END=40) ISTR 

20 CONTINUE
ILEN ■= IPPLEN(ISTR)
IF (ILEN .LE. 0) GO TO 10

C
CALL CKISUB (ISTR(:ILEN) , SUB, NSUB)
CALL CKCOMP (SUB(l), KNAME, KK, K)
IF (K .EQ. 0) THEN

IF (UPCASE(SUB(1), 3) .EQ. 'END' .OR.
1 UPCASE(SUB(1), 4) .EQ. 1REAC’) RETURN

GO TO 10 
ENDIF

C
IF (ITHRM(K)) GO TO 10 
ITHRM (K) *= .TRUE.
LINE(1) = ’ '
LINE(1) = ISTR 
DO 25 L = 2, 4 

LINE(L) = ' '
READ (LUNIT,'(A)',END=40) LINE(L)

25 CONTINUE
C

ICOL = 20 
DO 60 I = 1, 5

ICOL = ICOL + 5
IF (I .EQ. 5) ICOL = 74
ELEM = LI N E (1)(ICOL:ICOL+1)
IELEM = 0

C
IF (LINE(1)(ICOL+2:ICOL+4) .NE. ' ') THEN 

CALL IPPARR
1 (LINE(l)(ICOL+2:ICOL+4), 0, 1, VALUE, NVAL, IER, LOUT)

IELEM = VALUE(1)
ENDIF

C
IF (ELEM.NE.1 ' .AND. IELEM.NE.0) THEN

IF (UPCASE (ELEM, 1) .EQ. ’E M  
1 KCHRG(K)=KCHRG(K)+IELEM*(-1)

CALL CKCOMP (ELEM, ENAME, MM, M)
IF (M .GT. 0) THEN 

KNCF(M,K) = IELEM
WTM(K) = WTM(K) + AWT(M)*FLOAT(IELEM)

ELSE
WRITE (LOUT, 100) ELEM,KNAME(K)(:10)
KERR = .TRUE.

ENDIF 
ENDIF 

60 CONTINUE
C

IF (UPCASE(LINE(1) (45:),1) .EQ. 'L ’) KPHSE(K)=1 
IF (UPCASE(LINE(1) (45:),1) .EQ. 'S') KPHSE(K)=-1

-Currently allows for three temperatures, two ranges; 
in future, NT(K) may vary, NTR = NT(K)-1

T (1,K) = TLO
IF (LINE(l) (46:55) .NE. 1 ') CALL IPPARR 

1 (LINE(l)(46:55), 0, 1, T(1,K), NVAL, IER, LOUT)
C

T (2,K) = TMID
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IF (LINE(l)(66:73) .NE. ' ') CALL IPPARR
1 (LINE(l)(66:73), 0, 1, T(2,K), NVAL, IER, LOUT)

C
T(NT(K),K) - THI
IF (LINE(l)(56:65) .NE. ' ') CALL IPPARR

1 (LINE(1)(56:65), 0, 1, T(NT(K),K), NVAL, IER, LOUT)
C

READ (LINE(2) (:75),1(5E15.8)') (A(I, NTR, K),1 = 1,5)
READ (LINE(3)(:75),'(5E15.8)')

1 (A(I,NTR,K) ,1=6,7) , (A(1,1,K) ,1=1,3)
READ (LINE(4)(:60),'(4E15.8)') (A(I,1,K),1=4,7)
GO TO 10

C
40 RETURN
80 FORMAT (6X,'Warning...THERMO cards misplaced will be ignored...') 

100 FORMAT (6X,'Error...element...',A,"not declared for...',A)
ENDc ----------------------------------------------------------------------------------------------------------------c
SUBROUTINE CKREAC (LINE, II, KK, KNAME, LOUT, MAXSP, NSPEC, NREAC,

1 NUNK, NU, NPAR, PAR, NTHB, ITHB,
2 NFAL, IFAL, KFAL, NWL, IWL, WL, KERR)

C
C CKREAC parses the main CHARM*) line representing a gas-phase
C reaction; first, the real Arrhenius parameters are located and
C stored in PAR(N,I),N=l,NPAR, where I is the reaction number;
C then a search is made over the reaction string:
C
C '=','<=>': reaction I is reversible;
C '=>' : reaction I is irreversible;
C
C '(+[n]KNAME(K))': reaction I is a fall-off reaction;
C NFAL is incremented, the total number of
C fall-off reactions;
C IFAL(NFAL)=1, KFAL(NFAL)=K;
C this species is eliminated from consideration
C as a reactant or product in this reaction.
C
C '(+M)' : reaction I is a fall-off reaction;
C NFAL is incremented, IFAL(NFAL)=1, KFAL(NFAL)=0;
C
C '+[n]KNAME(K)': NSPEC(I) is incremented, the total number of
C species for this reaction;
C n is an optional stoichiometric coefficient
C of KNAME(K), if omitted, n=l;
C if this string occurs before the =/-,
C NREAC(I) is incremented, the total number of
C reactants for this reaction, NUNK(N,I)=K, and
C NU(N,I) = -n, where N=l-3 is reserved for
C reactants;
C if this string occurs after the =/-,
C NUNK(N,I) = K, and NU(N,I) = n, where N=4-6
C is reserved for products;
C
C '+ M ' : I is a third-body reaction; NTHB is incremented, the
C total number of third-body reactions, and ITHB(NTHB)=1.
C
C Input: LINE - a CHARM*) line (from data file)
C II - the index of this reaction, and the total number
C of reactions found so far.
C KK - actual integer number of species
C KNAME (K) ,K=1,KK - array of CHARM*) species names
C LOUT - output unit for error messages
C MAXSP - maximum number of species allowed in reaction
C NPAR - number of parameters expected
C A  '!' will comment out a line, or remainder of the line.
C
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C output: NSPEC - total number of reactants+products in reaction
c NREAC - number of reactants
c NUNK - species numbers for the NSPEC species
c NU - stoichiometric coefficients for the NSPEC spec.
c NFAL - total number of fall-off reactions
c IFAL - reaction numbers for the NFAL reactions
c KFAL - 3rd body species numbers for the NFAL reactions
c NTHB - total number of 3rd-body reactions
c ITHB - reaction numbers for the NTHB reactions
c NWL - number of radiation-enhanced reactions
c IWL - reaction numbers for the NWL reactions
c WL - radiation wavelengths for the NWL reactions
c KERR - logical, .TRUE. = error in data file
c
C F. Rupley, Div. 8245, 5/13/86C ----------------------------------------------------------------------------------c
C*****preCision > double

IMPLICIT DOUBLE PRECISION (A-H,O-Z), INTEGER (I-N)
C * * * * *END precision > double 
C*****precision > single
C IMPLICIT REAL (A-H,O-Z), INTEGER (I-N)
C*****END precision > single 
C

DIMENSION NSPEC (*), NREAC(*), NUNK(MAXSP,*), NU(MAXSP,*),
1 PAR(NPAR,*), IFAL(*), KFAL(*), ITHB(*), IWL(*), W L (*),
2 IPLUS(20)
CHARACTER KNAME (*)*(*) , LINEM*), INUM(10)*1, UPCASE*4 
CHARACTER*80 ISTR, IREAC, IPROD, ISPEC, INAME, ITEMP 
LOGICAL KERR, LTHB, LWL
DATA INUM/10 ’, ’1','2','3','4*,'5','6', ' 7','8','9'/

C
LTHB = .FALSE.
LWL = .FALSE.
NSPEC (II) = 0 
NREAC(II) = 0

C
C----------- Find NPAR real parameters----------------------------
C

CALL IPNPAR (LINE, NPAR, ISTR, ISTART)
CALL IPPARR (ISTR, 1, NPAR, PAR(1,II), NVAL, IER, LOUT)
IF (IER .NE. 0) KERR = .TRUE.

C
C Remove blanks from reaction string
C

INAME = ' '
ILEN = 0
DO 10 I = 1, ISTART-1

IF (LINE(I:I) .NE. ' ') THEN
ILEN = ILEN+1
INAME(ILEN:ILEN) = LINE(I:I)

ENDIF 
10 CONTINUE

C
C Find reaction string, product string
C

11 = 0
12 = 0
DO 25 I = 1, ILEN

IF (II .LE. 0) THEN
IF (INAME(I:1+2) .EQ. '<=>') THEN

11 = I
12 = 1+2 
IR = 1

ELSEIF (INAME(1:1+1) .EQ. '=>') THEN
11 = I
12 = 1+1
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IR = -1
ELSEIF (I.GT.l .AND. INAME(I:I).EQ.'='

1 .AND. INAME(I—1:1—1).NE.'=') THEN
11 = I
12 ■* I 
IR >= 1

END IF 
ENDIF 

25 CONTINUE
C

IF (ILASCH(INAME).GE.45 .AND. I1.GT.0) THEN
WRITE (LOUT, 1900) II,INAME(:I1-1),(PAR(N,II),N=1,NPAR) 
WRITE (LOUT, 1920) INAME(II:)

ELSE
WRITE (LOUT, 1900) II,INAME(:45), (PAR(N, II),N=1,NPAR) 

ENDIF
IREAC = ' '
IPROD = 1 1
IF (II .GT. 0) THEN

IREAC = INAME(:I1-1)
IPROD = INAME(12+1:)

ELSE

--did not find delimiter
WRITE (LOUT, 660)
KERR = .TRUE.
RETURN 

ENDIF

IF (INDEX(IREAC,'=>').GT.0 .OR. INDEX(IPROD,'=>').G T .0) THEN
--more than one '=>'

WRITE (LOUT, 800)
KERR = .TRUE.
RETURN 

ENDIF

•-Is this a fall-off reaction?

IF (INDEX(IREAC,1(+').GT.O .OR. INDEX(IPROD,'(+')•G T .0) THEN 
KRTB = 0 
KPTB = 0 
DO 300 J = 1, 2 

ISTR = ' '
KTB ■= 0
IF (J .EQ. 1) THEN 

ISTR = IREAC 
ELSE

ISTR = IPROD 
ENDIF

DO 35 N = 1, ILASCH(ISTR)-1
IF (ISTR(N:N+1) .EQ. '(+') THEN

11 = N+2
12 = II + INDEX(ISTR(II:),')')—1 
IF (12 .GT. II) THEN

IF (ISTR(I1:I2-1).EQ.'M' .OR.
1 ISTR(I1:12-1).EQ.'m') THEN

IF (KTB .NE. 0) THEN 
WRITE (LOUT, 630)
KERR = .TRUE.
RETURN 

ELSE
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35
300

C

KTB - -1 
ENDIF

ELSE
CALL CKCOMP (ISTR(II:12-1), KNAME, KK, KNUM) 
IF (KNUM .GT. 0) THEN 

IF (KTB .NE. 0) THEN 
WRITE (LOUT, 630)
KERR = .TRUE.
RETURN

ELSE
KTB = KNUM 

ENDIF 
ENDIF 

ENDIF
IF (KTB .NE. 0) THEN 

ITEMP = ' '
IF (II .EQ. 1) THEN 

ITEMP = ISTR(12+1:)
ELSE

ITEMP = ISTR(:11-3)//ISTR(12+1:)
ENDIF
IF (J .EQ. 1) THEN 

IREAC = ' '
IREAC - ITEMP 
KRTB « KTB 

ELSE
IPROD = ' '
IPROD ■= ITEMP 
KPTB = KTB 

ENDIF 
ENDIF 

ENDIF 
ENDIF 

CONTINUE 
CONTINUE

IF (KRTB.NE.0 .OR. KPTB.NE.0) THEN

does product third-body match reactant third-body
IF (KRTB.LE.0 .AND. KPTB.LE.0) THEN

NFAL = NFAL + 1 
IFAL(NFAL) = II 
KFAL(NFAL) = 0
LTHB = .TRUE.
NTHB = NTHB + 1 
ITHB(NTHB) = II

ELSEIF (KRTB .EQ. KPTB) THEN 
NFAL = NFAL + 1 
IFAL(NFAL) = II 
KFAL(NFAL) = KRTB

ELSE

WRITE (LOUT, 640)
KERR = .TRUE.
RETURN

ENDIF
ENDIF

ENDIF

 Find reactants, products----------------------------
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500

C

505

C

1

DO 600 J = 1, 2 
ISTR = ' '
LTHB «* .FALSE.
IF (J .EQ. 1) THEN 

ISTR = IREAC 
NS = 0 

ELSE
ISTR - IPROD 
NS = 3 

ENDIF

-------store pointers to '+'-signs
NPLUS ■= 1 
IPLUS(NPLUS) - 0 
DO 500 L = 2, ILASCH(ISTR)-1 

IF (ISTR(L:L).EQ.'+') THEN 
NPLUS = NPLUS + 1 
IPLUS(NPLUS) = L 

ENDIF 
CONTINUE
NPLUS = NPLUS + 1
IPLUS(NPLUS) = ILASCH(ISTR)+1
NSTART = 1 
CONTINUE 
N1 = NSTART
DO 510 N = NPLUS, Nl, -1 

ISPEC = ' '
ISPEC = ISTR(IPLUS(Nl)+1 : IPLUS(N)-l)

IF (UPCASE(ISPEC, 1) .EQ. 'M ') THEN 
IF (LTHB) THEN

WRITE (LOUT, 900)
KERR ■= .TRUE.
RETURN

ELSEIF (NFAL.GT.O .AND. IFAL(NFAL).E Q .: 
WRITE (LOUT, 640)
KERR = .TRUE.
RETURN

ELSE
LTHB = .TRUE.
IF (NTHB.EQ.0 .OR.

(NTHB.GT.0.AND.ITHB(NTHB).NE.II)) 
NTHB = NTHB + 1 
ITHB(NTHB) = II 

ENDIF
IF (N .EQ. NPLUS) GO TO 600 
NSTART = N 
GO TO 505 

ENDIF
ELSEIF (UPCASE(ISPEC, 2) .EQ. 'HV') THEN 

IF (LWL) THEN
WRITE (LOUT, 670)
KERR = .TRUE.
RETURN

ELSE
LWL = .TRUE.
NWL ■= NWL + 1 
IWL(NWL) *= II 
WL(NWL) ° 1.0
IF (J .EQ. 1) WL(NWL) = -1.0 
IF (N .EQ. NPLUS) GO TO 600 
NSTART = N 
GO TO 505

I) THEN

THEN
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ENDIF
ENDIF

C
C------------ does this string start with a  one- or two-digit number?
c

IVAL ■ 0
CALL CKCOMP (ISPEC(l-.l), INUM, 10, II)
CALL CKCOMP (ISPEC(2:2), INUM, 10, 12)
IF (II .GT. 0) THEN 

ITEMP = ' '
IF (12 .GT. 0) THEN

IVAL = 10MI1-1) + (12-1)
ITEMP - ISPEC (3:)

ELSE
IVAL = 11-1 
ITEMP « ISPEC(2:)

ENDIF
ISPEC = ' '
ISPEC = ITEMP 

ENDIF
C

CALL CKCOMP (ISPEC, KNAME, KK, KNUM)
IF (KNUM .EQ. 0) THEN

IF ((N-Nl) .GT. 1) GO TO 510
WRITE (LOUT, 680) ISPEC(:ILASCH(ISPEC))
KERR = .TRUE.

ELSE
C
C----------------a species has been found
C

IVAL = MAX(IVAL,1)
IF (J .EQ. 1) IVAL = -IVAL 
NNUM = 0
DO 111 K » 1, NS

IF (KNUM.EQ.NUNK(K,II) .AND.
1 N U (K,II)/IVAL.G T .0) THEN

C
C------------------- increment species coefficient count
C

NNUM=K
NU(NNUM,II) = NU(NNUM,II) + IVAL 

ENDIF
111 CONTINUE

IF (NNUM .LE. 0) THEN
C
C--------------------are there too many species?
C

IF (J.EQ.l .AND. NS.EQ.3) THEN 
WRITE (LOUT, 690)
KERR = .TRUE.
RETURN

ELSEIF (J.EQ.2 .AND. NS.EQ.MAXSP) THEN 
WRITE (LOUT, 700)
KERR = .TRUE.
RETURN

ELSE
C
C increment species count
C

NS = NS + 1
NSPEC(II) = NSPEC(II)+1 
IF (J .EQ. 1) NREAC(II) = NS 
NUNK(NS,II) = KNUM 
NU(NS,II) = IVAL

ENDIF 
ENDIF
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510

ENDIF
IF (N .EQ. NPLUS) GO TO 600 
NSTART = N 
GO TO 505

CONTINUE
600 CONTINUE

C
NSPEC(II) -

C
630 FORMAT (6X,
640 FORMAT (6X,
650 FORMAT (6X,
660 FORMAT (6X,
670 FORMAT (6X,
680 FORMAT (6X,
690 FORMAT (6X,
700 FORMAT (6X,
800 FORMAT (6X,
900 FORMAT (6X,

C 1900 FORMAT (14
1900 FORMAT (14,
1920 FORMAT (6X,.

RETURN
r ----- END

.more than one fall-off declaration...1)

..reaction string not found. 
Ln reaction...')
In HV declaration...') 
.undeclared species...',A) 
..more than 3 reactants...1)

’)

1,A,T51,E10.3,F7.3,F11.3)
A, T53, 1PE8.2, 2X, 0PF5.1,

. .  ')

2X, F9.1)

C
C
C
C
C
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

SUBROUTINE CKAUXL (SUB, NSUB, II, KK, KNAME, LOUT, MAXSP, NPAR,
1 NSPEC, NTHB, ITHB, NTBS, MAXTB, NKTB, AIK,
2 NFAL, IFAL, IDUP, NFAR, PFAL, IFOP, KFAL, NLAN,
3 ILAN, NLAR, PLAN, NREV, IREV, RPAR,
4 NRLT, IRLT, RLAN, NWL, IWL, WL, KERR)

CKAUXL parses the auxiliary CHARM*) lines representing 
additional options for a gas-phase reaction; data is stored
based on finding a 'keyword' followed by its required
parameters:

KNAME(K)/vail/: this is an enhanced third-body;
if ITHB(NTHB) <> I, this is an error, reaction I is not a 

third-body reaction; 
else NTBS(NTHB) is incremented,

AIK(NTBS(NTHB) , NTHB) = K ,
NKTB(NTBS(NTHB)),NTHB) =vall;

(LOW,TROE, and SRI define fall-off data):

LOW/vall val2 val3/: PFAL(N,NFAL) = val(N),N=1,3;

if IFAL(NFAL)<>I, this is an error, reaction I is not a 
fall-off reaction; 

if ILAN(NLAN)=1, this is an error, cannot have T-L numbers, 
if IRLT(NRLT)=1, this is an error, "
if IREV(NREV)=1, this is an error, cannot declare reverse 

parameters;
if IFOP(NFAL)>0, this is an error, LOW already declared; 
else

IFOP(NFAL) = ABS(IFOP(NFAL))

TROE/vall val2 val3 [val4]/: PFAL(N,NFAL) = val(N),N=4,7;

if IFAL(NFAL)<>I, this is an error, reaction I is not a 
fall-off reaction; 

if ILAN(NLAN)=1, this is an error, cannot have T-L numbers, 
if IRLT(NRLT)=1, this is an error, "
if IREV(NREV)=1, this is an error, cannot declare reverse
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parameters; 
if ABS(IFOP(NFAL)).GT.l, this is an error, 
else

C if 3 TROE values, IFOP(NFAL) = 3*IFOP(NFAL);
C if 4 TROE values, IFOP(NFAL) = 4*IFOP(NFAL);
C
C SRI/vall val2 val3/: PFAL(N,NFAL) ■= val(N),N=4,6;
C
C if IFAL(NFAL)<>I, this is an error, reaction I is not a
C fall-off reaction;
C if ILAN(NLAN)=1, this is an error, cannot have T-L numbers.
C if IRLT(NRLT)=1, this is an error,
C if IREV(NREV)“I, this is an error, cannot declare reverse
C parameters;
C if ABS(IFOP(NFAL))>1, this is an error;
C else
C if IFOP(NFAL)= 2*IF0P(NFAL);
C
C LT/vall val2/:
C if IFAL(NFAL)=1, this is an error, cannot have fall-off and
C T-L numbers;
C else increment NLAN, the number of T-L reactions,
C ILAN(NLAN)=1, PLAN(N,NLAN)=val(N),N=1,2
C if IREV(NREV)=1, need IRLT(NRLT)=1.
C
C REV[ERSE]/vail val2 val3/ :
C if IFAL(NFAL)=1, this is an error;
C if IREV(NREV)=1, this is an error, REV already declared;
C if NSPEC(I)<0, this an error, as I is irreversible;
C else increment NREV, the number of reactions with reverse
C parameters given,
C IREV(NREV)=1, RPAR(N,NREV)=val(N),N=1,3;
C if ILAN(NLAN)=1, need IRLT(NRLT)=1;
C if IRLT(NRLT)=1, need ILAN(NRLT)=1.
C
C RLT/vall val2/:
C if IFAL(NFAL)=1, this is an error, cannot have fall-off and
C T-L numbers;
C if IRLT(NRLT)=1, this is an error, RLT already declared;
C else increment NRLT, the number of reactions with BOTH
C reverse parameters given, and T-L numbers;
C IRLT(NRLT)=1, RLAN(N,NRLT)=val(N),N=1,2;
C if IREV(NREV)<>I, need IREV(NREV)=I;
C if ILAN(NREV)<>I, need ILAN(NLAN)=1;
C
C DUP[LICATE]:
C This reaction is allowed to be duplicated.
C
C Input: LINE - CHAR*(*) auxiliary information string
C KK - total number of species declared
C KNAME- CHAR*(*) species names
C LOUT - output unit for error messages
C MAXSP- maximum third bodies allowed in a reaction
C Output: NTHB - total number of reactions with third bodies
C ITHB - array of third-body reaction numbers
C AIK - non-zero third body enhancement factors
C NKTB - array of species numbers for the third body
C enchancement factors
C NFAL - total number of fall-off reactions
C IFAL - array of fall-off reaction numbers
C IFOP - array of fall-off type
C PFAL - fall-off parameters
C NLAN - total number of Landau-Teller reactions
C ILAN - array of T-L reaction numbers
C NLAR - number of Landau-Teller numbers allowed
C PLAN - array of Landau-Teller numbers



n
n
n
n
n
 

n
n
n
n
n
n
n
n
n
n

328

NRLT - total number of 'reverse' T-L reactions 
IRLT - array of 'reverse' T-L reaction numbers 
RLAN - array of 'reverse' Landau-Teller numbers 
NWL - total number of radiation-enhanced reactions 
IWL - array of radiation-enhanced reaction numbers 
WL - array of wavelengths 
KERR - logical, «■ .TRUE, if error found

F. Rupley, Div. 8245, 5/27/87
*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N)
*****END precision > double 
*****precision > single

IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)
*****END precision > single

DIMENSION NSPEC(*), ITHB(*), NTBS(*), NKTB(MAXTB,*), IDUP(*),
1 AIK(MAXTB,*), IFAL(*), KFAL(*) , IFOP(*), PFAL(NFAR,*),
2 ILAN(*), PLAN(NLAR,*), IREV(*), RPAR(NPAR,*), IRLT(*),
3 RLAN(NLAR,*), IWL(*), WL(*), VAL(l)
CHARACTER SUB(*)*(*), KNAME(*)*(*), KEY*80, RSTR*80, UPCASE*4
CHARACTER SUB_CH (80)*80,RSTR_CH*80,LINE_CH*80
LOGICAL KERR, LLAN, LRLT, LTHB, LFAL, LTRO, LSRI, LWL, LREV
LTHB
LFAL
LWL
LREV
LLAN
LRLT
LTRO
LSRI

(NTHB.GT.0 .AND. ITHB(NTHB).EQ.II 
(NFAL.GT.0 .AND. IFAL(NFAL).EQ.II 
(NWL .GT.0 .AND. IWL(NWL) .EQ.II 
(NREV.GT.0 .AND. IREV(NREV).EQ.II
(NLAN.GT.O 
(NRLT.GT.0 
(NFAL.GT.0

.AND. 
• AND. 
.AND.

= (NFAL.GT.0 .AND.

ILAN(NLAN).EQ.II 
IRLT(NRLT).EQ.II 
IFAL(NFAL).EQ.II 
IFAL(NFAL).EQ.II

.AND. IFOP(NFAL).GT.2) 
•AND. IFOP(NFAL).EQ.2)

DO 500 N = 1, NSUB
ILEN = ILASCH(SUB(N))
KEY = ' '
IF ( UPCASE(SUB(N), 3)

IDUP(II) = -1 
WRITE (LOUT, 4000)
GO TO 500 

ELSE
11 = INDEX(SUB(N), ’/')
12 *= INDEX (SUB(N) (11 + 1: ) ,
IF (I1.LE.0 .OR. I2.LE.0)

KERR = .TRUE.
WRITE (LOUT, 2090) SUB(N)(:ILEN)
GO TO 500 

ENDIF
KEY = SUB(N) (:11-1)
RSTR «= ' ’
RSTR = SUB(N)(11+1:11+12-1)

ENDIF
**★★★★** + * * ★ * ' ING 6/16/95***********************

■EQ. 'DUP') THEN

' / ' )
THEN

IF (UPCASE(KEY, 3).EQ. 'LOW' • OR.
1 UPCASE(KEY, 4).EQ. 'TROE'.OR.
2 UPCASE(KEY, 4).EQ. 'EXTR'.OR.
3 UPCASE(KEY, 4).EQ. 'CHEB'.OR.

p 4 UPCASE(KEY, 3).EQ. 'SRI') THEN
L
c
c

FALL-OFF DATA
IF ((.NOT.LFAL) .OR. LLAN .OR. LRLT .OR. LREV) THEN 

KERR = .TRUE.
IF (.NOT. LFAL) WRITE (LOUT, 1050) SUB(N)(:ILEN)
IF (LLAN) WRITE (LOUT, 1060) SUB(N)(:ILEN)
IF (LRLT) WRITE (LOUT, 1070) SUB(N) {: ILEN)



IF (LREV) 
ELSE

WRITE (LOUT, 1090) SUB(N)(:ILEN)

IF (UPCASE(KEY, 3) .EQ. 'LOW') THEN 
IF (IFOP(NFAL) .GT. 0) THEN

WRITE (LOUT, 2000) SUB(N)(:ILEN)
KERR “ .TRUE.

ELSE
IFOP(NFAL) - ABS(IFOP(NFAL))
CALL IPPARR (RSTR,1,3,PFAL(1,NFAL) ,NVAL, IER, LOUT)
IF (IER .NE. 0) KERR «= .TRUE.
WRITE (LOUT, 3050) (PFAL(L,NFAL),L=1,3)

ENDIF
ELSEIF (UPCASE(KEY, 4) .EQ. 'TROE') THEN 

IF (LTRO .OR. LSRI) THEN 
KERR = .TRUE.
IF (LTRO) WRITE (LOUT, 2010) SUB(N)(:ILEN)
IF (LSRI) WRITE (LOUT, 2030) SUB(N)(:ILEN)

ELSE
LTRO = .TRUE.
CALL IPPARR (RSTR,1,-4,PFAL(4,NFAL),NVAL,IER,LOUT) 
IF (NVAL .EQ. 3) THEN

IFOP(NFAL) « 3*IF0P(NFAL)
WRITE (LOUT, 3080) (PFAL(L,NFAL),L=4,6)

ELSEIF (NVAL .EQ. 4) THEN 
IFOP (NFAL) ■= 4*IFOP (NFAL)
WRITE (LOUT, 3090) (PFAL(L,NFAL),L=4,7)

ELSE
WRITE (LOUT, 2020) SUB(N)(:ILEN)
KERR = .TRUE.

ENDIF
ENDIF

* * * * ** ijjg 8/10/95***********************
ELSEIF (UPCASE(KEY, 4) .EQ. ’CHEB') THEN 

LTRO = .TRUE.
CALL IPPARR (RSTR,1,-8,PFAL(4,NFAL),NVAL,IER,LOUT) 
N_CHEB = PFAL(4,NFAL)
M_CHEB = PFAL(5, NFAL)
NPARA_CHEB = N_CHEB*M_CHEB + 2 
INDEX_CHEB = 0 
IFOP(NFAL) = 6*IFOP(NFAL) 
write(*,*)'..NFAL..IFOP...',NFAL,IFOP(NFAL)
W RITE(*,' ..NPARA_CHEX..')
CALL IPPARR (RSTR,1,-5,PFAL(4,NFAL),NVAL,IER,LOUT) 

INDEX_CHEB = INDEX_CHEB + NVAL 
WRITE (LOUT, 2028) SUB_CH(N) (:ILEN)
WRITE(*,*)' ..NPARA..INDEX..NVAL.',NPARA_CHEB,NVAL 
WRITE(*,*) '...N...M...' , N_CHEB,M_CHEB 

WRITE (LOUT, 3098) (PFAL(L,NFAL),L=4,NVAL+3) 
CONTINUE 
LINE_CH “ ' '
READ (5,'(A)’) LINE_CH 
WRITE(*,*)' ..LINE_CH..'
WRITE(*,*)LINE_CH

ILEN - IPPLEN(LINE_CH)
CALL CKISUB (LINE_CH(:ILEN), SUB_CH, NSUB_CH)

KEY «= ' '
DO 151 N_CH = 1, NSUB_CH

IILEN = ILASCH(SUB_CH(NSUB_CH))
WRITE(*,*)1 NSUB_CH = ',NSUB_CH 
WRITE(*, *)SUB_CH(NSUB_CH)
111 = INDEX(SUB_CH(NSUB_CH),'/')
112 = INDEX(SUB_CH(NSUB_CH) (II1 + 1 :),'/')
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c WRITE(*,*)' III.. 1 1 2 . , 1 1 1 ,  112
IF (II1.LE.0 .OR. II2.LE.0) THEN 

KERR = .TRUE.
WRITE (LOUT, 2090) SUB_CH(N_CH)(:IILEN)

C GO TO 199
ENDIF

C KEY = SUB(N)(:11-1)
RSTR_CH - ' '
RSTR_CH - SUB_CH(NSUB_CH)(111+1:111+112-1) 

c WRITE(*,*)RSTR_CH
CALL IPPARR (RSTR_CH, 1,-8,PFAL(INDEX_CHEB+4,NFAL)

2 ,NVAL,IER,LOUT)
c WRITE(*,*)'...INDEX..NVAL..',INDEX_CHEB, NVAL

WRITE(*,*)'...IER..= ',IER 
INDEX_CHEB = INDEX_CHEB + NVAL 

c WRITE (*, 3098) (PFAL(L,NFAL),L=INDEX_CHEB+4
c 2 ,NVAL+INDEX_CHEB+3)

WRITE (LOUT, 3098) (PFAL(L,NFAL),L=INDEX_CHEB+4 
2 ,NVAL+INDEX_CHEB+3)

INDEX_CHEB = INDEX_CHEB + NVAL 
c WRITE{*,*)'..INDEX...1,INDEX_CHEB
151 CONTINUE

IF (INDEX_CHEB.LT .NPARA_CHEB) GOTO 101 
199 CONTINUE

IF (INDEX_CHEB .EQ. NPARA_CHEB) THEN
C

ELSE
WRITE (LOUT, 2028) SUB_CH(N)(:ILEN)
KERR = .TRUE.

ENDIF
c
C * * * * * * * * * * * * * JNG 6/16/95********************** *

ELSEIF (UPCASE(KEY, 4) .EQ. 'EXTR') THEN 
IF (LTRO .OR. LSRI) THEN 

KERR = .TRUE.
IF (LTRO) WRITE (LOUT, 2015) SUB(N)(:ILEN)
IF (LSRI) WRITE (LOUT, 2035) SUB(N)(:ILEN)

ELSE
LTRO = .TRUE.
CALL IPPARR (RSTR,1,-5,PFAL(4,NFAL),NVAL, IER, LOUT) 
IF (NVAL .EQ. 5) THEN

IFOP(NFAL) = 5*IFOP(NFAL)
C WRITE(*,*)IFOP(NFAL)

WRITE (LOUT, 3095) (PFAL(L,NFAL),L=4,8)
ELSE

WRITE (LOUT, 2025) SUB(N)(:ILEN)
KERR = .TRUE.

ENDIF
ENDIF

c  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

ELSEIF (UPCASE(KEY, 3) .EQ. 'SRI') THEN 
IF (LTRO .OR. LSRI) THEN 

KERR = .TRUE.
IF (LTRO) WRITE (LOUT, 2030) SUB(N)(:ILEN)
IF (LSRI) WRITE (LOUT, 2040) SUB (N) (:ILEN)

ELSE
LSRI = .TRUE.
IFOP(NFAL) = 2*IFOP(NFAL)
CALL IPPARR (RSTR, 1,-5,PFAL(4,NFAL) ,NVAL,IER,LOUT) 
IF (NVAL .EQ. 3) THEN 

PFAL(7,NFAL) = 1 . 0  
PFAL(8,NFAL) = 0 . 0
WRITE (LOUT, 3060) (PFAL(L,NFAL),L=4,6)

ELSEIF (NVAL .EQ. 5) THEN
WRITE (LOUT, 3070) (PFAL(L,NFAL),L=4,8)

ELSE



WRITE (LOUT, 2020) SUB(N)(:ILEN)
KERR - .TRUE.

ENDIF
ENDIF

ENDIF
ENDIF

ELSEIF (UPCASE(KEY, 3) .EQ. 'REV') THEN
REVERSE ARRHENIUS PARAMETERS

IF (LFAL .OR. LREV .OR. NSPEC(II).L T .0) THEN 
KERR = .TRUE.
IF (LFAL) WRITE (LOUT, 1090) SUB(N)(:ILEN)
IF (LREV) WRITE (LOUT, 2050) SUB(N)(:ILEN)
IF (NSPEC(II) .LT. 0) WRITE (LOUT, 2060) SUB(N)(:ILEN) 

ELSE
LREV ■= .TRUE.
NREV ** NREV+1 
IREV(NREV) - II
CALL IPPARR (RSTR,1,NPAR, RPAR(1,NREV),NVAL,IER,LOUT)
IF (IER .NE. 0) KERR = .TRUE.
WRITE (LOUT, 1900) ' Reverse Arrhenius coefficients:'

(RPAR(L,NREV),L=1,3)
ENDIF

ELSEIF (UPCASE(KEY, 3) .EQ. 'RLT') THEN

REVERSE LANDAU-TELLER PARAMETERS

IF (LFAL .OR. LRLT .OR. NSPEC(II).L T .0) THEN 
KERR = .TRUE.
IF (LFAL) WRITE (LOUT, 1070) SUB(N)(:ILEN)
IF (LRLT) WRITE (LOUT, 2080) SUB(N)(:ILEN)
IF (NSPEC(II) .LT. 0) WRITE (LOUT, 1080) SUB (N) (:ILEN) 

ELSE
LRLT = .TRUE.
NRLT = NRLT + 1 
IRLT(NRLT) = II
CALL IPPARR (RSTR,1,NLAR,RLAN(1,NRLT),NVAL,IER,LOUT)
IF (IER .NE. 0) KERR = .TRUE.
WRITE (LOUT, 3040) (RLAN(L, NRLT),L=1,2)

ENDIF

ELSEIF (UPCASE(KEY, 2) .EQ. 'HV') THEN

RADIATION WAVELENGTH ENHANCEMENT FACTOR

IF (.NOT.LWL) THEN
WRITE (LOUT, 1000) SUB(N)(:ILEN)
KERR = .TRUE.

ELSE
CALL IPPARR (RSTR,1,1,VAL,NVAL,IER,LOUT)
IF (IER .EQ. 0) THEN

WL(NWL) = WL(NWL)*VAL(1)
WRITE (LOUT, 3020) ABS(WL(NWL))

ELSE
WRITE (LOUT, 1000) SUB(N)(:ILEN)
KERR = .TRUE.

ENDIF
ENDIF

ELSEIF (UPCASE(KEY, 2) .EQ. 'L T 1) THEN

LANDAU-TELLER PARAMETERS



IF (LFAL .OR. ILAN) THEN 
KERR - .TRUE.
IF (LFAL) WRITE (LOUT, 1060) SUB(N)(:ILEN)
IF (LLAN) WRITE (LOUT, 2070) SUB(N)(:ILEN)

ELSE
LLAN = .TRUE.
NLAN ■= NLAN + 1 
ILAN(NLAN) - II
CALL IPPARR (RSTR,1,NLAR,PLAN(1,NLAN),NVAL,IER,LOUT) 
IF (IER .NE. 0) THEN

WRITE (LOUT, 1010) SUB(N)(:ILEN)
KERR = .TRUE.

ENDIF
WRITE (LOUT, 3000) (PLAN(L, NLAN),L=l,2)

ENDIF
C

ELSE
C
C ENHANCED THIRD BODIES
C

CALL CKCOMP (KEY, KNAME, KK, K)
IF (K .EQ. 0) THEN

WRITE (LOUT, 1040) K E Y (:ILASCH(KEY))
KERR = .TRUE.

ELSE
IF (.NOT.LTHB) THEN 

KERR = .TRUE.
WRITE (LOUT, 1020) SUB(N)(:ILEN)

ELSE
IF (NTBS(NTHB) .EQ. MAXTB) THEN 

KERR = .TRUE.
WRITE (LOUT, 1030) SUB(N)(:ILEN)

ELSE
CALL IPPARR (RSTR, 1, 1, VAL, NVAL, IER, LOUT) 
IF (IER .EQ. 0) THEN

WRITE (LOUT, 3010) KNAME(K),V A L (1)
NTBS(NTHB) = NTBS(NTHB) + 1 
NKTB(NTBS(NTHB),NTHB) = K  
AIK(NTBS(NTHB),NTHB) =VAL(1)

ELSE
WRITE (LOUT, 1020) SUB(N)(:ILEN)
KERR = .TRUE.

ENDIF
ENDIF

ENDIF
ENDIF

ENDIF

'Error in HV d e c l a r a t i o n . A )
'Error in LT declaration..',A)

(6X,'Error in third body declaration...',A)
'Error...more than MAXTB third bodies ... 1,A)
'Error...undeclared species...',A)

1050 FORMAT (6X,'Error... this is not a fall-off reaction...',A) 
'Error...LT declared in fall-off r e a c t i o n . A )  
'Error...RLT declared in fall-off r e a c t i o n . A )  
'Error...RLT declared in irreversible reaction...',A) 
'Error...REV declared in fall-off r e a c t i o n . A )

2000 FORMAT (6X, 'Error... LOW declared more than once...1,A)
'Error...TROE declared more than once...',A)
'Error...EXTROE declared more than once...',A)

(6X, 'Error in fall-off parameters...',A)
2025 FORMAT (6X,'Error in EXTROE fall-off parameters...',A)

500 CONTINUE
c
c FORMATS
c
1000 FORMAT <
1010 FORMAT (
1020 FORMAT (
1030 FORMAT (
1040 FORMAT ('
1050 FORMAT (
1060 FORMAT ('
1070 FORMAT ('
1080 FORMAT ('
1090 FORMAT (<
2000 FORMAT ('
2010 FORMAT (<
2015 FORMAT (1
2020 FORMAT (1
2025 FORMAT ('
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2028 FORMAT 
2030 FORMAT 
2035 FORMAT 
2040 FORMAT 
2050 FORMAT 
2060 FORMAT 
2070 FORMAT 
2080 FORMAT 
2090 FORMAT 
3000 FORMAT 
3010 FORMAT 
3020 FORMAT 

C 1900 FORMAT 
1900 FORMAT 
3040 FORMAT 

1
3050 FORMAT 
3060 FORMAT 
3070 FORMAT 
3080 FORMAT 
3090 FORMAT 
3095 FORMAT 
3098 FORMAT 
4 000 FORMAT 

END

6X,'Error. 
6X,'Error..

6X,'Error. 
6X,'Error.

6X,'Error in CHEB fall-off parameters... 1,A)
6X,'Error...cannot use both TROE and SRI...',A)

.cannot use TROE, EXTROE or SRI...',A)

.SRI declared more than once...',A)
6X,'Error...REV declared more than once...',A)
6X,'Error...REV declared for irreversible r e a c t i o n . A )  

LT declared more than once...',A)
RLT declared more than once...',A)

6X,'Error in auxiliary data...',A)
9X,'Landau-Teller parameters: B=',E12.5,', C=',E12.5) 
9X,A16,' Enhanced by ’,1PE12.3)
9X,'Radiation wavelength (A): ’,F10.2)
(6X, A, T51, E10.3, F7.3, Fll. 3)
6X, A, T53, 1PE8.2, 2X, 0PF5.1, 2X, F9.1)
9X,'Reverse Landau-Teller parameters: B=',E12.5,

', C = ',E12.5)
6X,'Low pressure limit:',3E13.5)
6X,'SRI centering: ',3E13.5)
6X,'SRI centering: ’,5E13.5)
6X,'TROE centering: ’,3E13.5)
6X,'TROE centering: ’,4E13.5)
6X,'EXTROE centering: ',5E13.5)
6X,'CHEB Polynomials: ’,8E13.5)
6X,'Declared duplicate reaction...')

SUBROUTINE CKPRNT (MDIM, MAXTP, MM, ENAME, KK, KNAME, WTM,
1 KPHSE, KCHRG, NT, T, TLO, TMID, THI, KNCF,
2 ITHRM, LOUT, KERR)

Prints species interpreter output and checks for completeness.

*****precision > double
IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N)

*****END precision > double 
*****precision > single

IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)
*****END precision > single

DIMENSION W T M (*), KPHSE(*), KCHRG(*), T(MAXTP, *),
1 N T (*), KNCF(MDIM,*) , IPLUS(IO)
LOGICAL KERR, ITHRM(*)
CHARACTER ENAME(*)*(*) , KNAME(*)*(*), IPHSE(3)*1, INUM(10)*1 
DATA IPHSE/'S', 'G', 'L'/
DATA INUM/'O', '1', '2','3', '4', '5','6', '7', '8', '9'/

WRITE (LOUT, 400) (ENAME(M), M 
WRITE (LOUT, 300)

DO 100 K = 1, KK

1, MM)

IF (T(1,K) .LT. 0.0) T (1,K) = TLO
IF (T(2,K) .LT. 0.0) T(2,K) = TMID
IF (T(3,K) .LT. 0.0) T(NT(K),K) = THI
WRITE (LOUT, 500) K, KNAME(K), IPHSE(KPHSE(K)+2) , KCHRG(K),

WTM(K), T (1,K) , T(NT(K),K), (KNCF (M,K) , M=1, MM) 
IF (T(1,K) .GE. T(NT(K),K)) THEN 

KERR = .TRUE.
WRITE (LOUT, 240)

ENDIF
IF (T(1,K) .GT. T (2,K)) THEN 

WRITE (LOUT, 250)
KERR «=> .TRUE.

ENDIF
IF (T(NT(K) , K) .LT. T(2,K)) THEN 

WRITE (LOUT, 260)
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KERR = .TRUE.
ENDIF

C
C each species must have thermodynamic data
C

IF (.NOT. ITHRM(K)) THEN 
KERR - .TRUE.
WRITE (LOUT, 200)

ENDIF
C
C a species cannot start with a number
C

CALL CKCOMP (KNAME(K)(:1), INUM, 10, I)
IF (I .GT. 0) THEN 

KERR = .TRUE.
WRITE (LOUT, 210)

ENDIF
C
C if '+' sign is used in a species name,
C examples of legal species symbols with + are:
C O H (+)2, O H (+2), OH+, OH++, OH+++, OH(+), OH(++),
C OH[+OH], OH2+, OH+2
C
C examples of illegal species symbols with + are:
C +OH (symbol starts with a +, this will cause
C confusion in a reaction)
C OH(+OH) (symbol in parentheses is another species-
C this arrangement is reserved for a fall-off
C reaction)
C OH+OH (plus delimits other species names, this
C will cause confusion in a reaction)
C

NPLUS = 0
DO 50 N = 1, ILASCH(KNAME(K))

IF (KNAME(K)(N:N) .EQ. '+') THEN 
NPLUS = NPLUS + 1 
IPLUS(NPLUS) = N 

ENDIF 
50 CONTINUE

DO 60 N = 1, NPLUS 
II = IPLUS(N)
IF (II .EQ. 1) THEN 

WRITE (LOUT, 220)
KERR = .TRUE.

ELSE
C
C is there another species name in parentheses
C

IF (KNAME(K)(11-1:11-1) .EQ. '(') THEN
11 - II + 1
12 = II + INDEX(KNAME(K)(II:),')')-1 
IF (12 .GT. II) THEN

CALL CKCOMP (KNAME(K) (II:12-1), KNAME, KK, KNUM) 
IF (KNUM .GT. 0) THEN 

WRITE (LOUT, 230)
KERR = .TRUE.

ENDIF
ENDIF

ENDIF
C
C is there another species name after a +
C

II = II + 1
IF (N .LT. NPLUS) THEN 

DO 55 L = N+l, NPLUS 
12 = IPLUS(L)
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IF (12 .GT. II) THEN
CALL CKCOMP (KNAME(K) (II:12-1) , KNAME,KK,KNUM) 
IF (KNUM .GT. 0) THEN 

WRITE (LOUT, 230)
KERR = .TRUE.

ENDIF
ENDIF

CONTINUE
ENDIF

60

12 = ILASCH(KNAME(K))
IF (12 .GE. II) THEN

CALL CKCOMP (KNAME(K) (11:12), KNAME, KK, KNUM) 
IF (KNUM .GT. 0) THEN 

WRITE (LOUT, 230)
KERR - .TRUE.

ENDIF
ENDIF

ENDIF
CONTINUE

100 CONTINUE
WRITE (LOUT, 300)
RETURN

200 FORMAT (6X,'Error...no thermodynamic properties for species')
210 FORMAT (6X,'Error...species starts with a number')
220 FORMAT (6X,'Error... species starts with a plus')
230 FORMAT (6X,1 Error... illegal + in species name')
240 FORMAT (6X,'Error...High temperature must be < Low temperature’) 
250 FORMAT (6X,'Error... Low temperature must be <= Mid temperature') 
260 FORMAT (6X,'Error...High temperature must be => Mid temperature') 
300 FORMAT (IX,79('-’))
400 FORMAT (IX,79('-'),/21X,'C ',/18X,'P ’,2X,'H ',/18X,'H ',2X,'A ',

1 /18X, 'A' ,2X, 1R ',/IX, 'SPECIES',10X, 'S’,2X, 'G',2X,
2 'MOLECULAR',3X, 'TEMPERATURE',4X, 'ELEMENT COUNT',/IX,
3 'CONSIDERED',7X,'E ',2 X,'E ',2X,'WEIGHT',6X,'LOW',5X,
4 'HIGH',3X,15(A3),/IX,79('-‘))

500 FORMAT (14,'. ',A10,2X, Al, 13, Fll.5, 2 (F8.1) , 15(13) )
4 00 FORMAT (IX,79 ('-'),/T26,'C',/T24, 'PH',/T24, ' H A ',/T24, 'A R',

1 /IX, 'SPECIES’,T24, 'S G ',T28, 'MOLECULAR', T38, ’TEMPERATURE 1,
2 T52 , 'ELEMENT COUNT',
3 /IX,'CONSIDERED',T24,'E E ',T28,'WEIGHT',T38,'L O W ',
4 T45,'HIGH',T52,15(A3))

500 FORMAT (IX,13,'. ',A16, T24, Al, T2 6,11,T28,F 9 .5, T38, F6 .1,T4 5,F6 .1,
1 T51,15(13))
END

C
C
c
C
C
c
c
C
c
C
C
C

SUBROUTINE CPREAC (II, MAXSP, NSPEC, NPAR, PAR, RPAR, AUNITS,
1 EUNITS, NREAC, NUNK, NU, KCHRG, MDIM, MM, KNCF
2 IDUP, NFAL, IFAL, KFAL, NFAR, PFAL, IFOP, NREV
3 IREV, NTHB, ITHB, NLAN, ILAN, NRLT, IRLT, KERR
4 LOUT)

Prints reaction interpreter output and checks for reaction 
balance, duplication, and missing data in 'REV' reactions; 
correct units of Arrhenius parameters

Input: II - the index number of the reaction
MAXSP - maximum number of species allowed in a reaction 
NSPEC - array of the number of species in the reactions 
NPAR - the number of Arrhenius parameters required 
PAR - matrix of Arrhenius parameters for the reactions 
RPAR - matrix of reverse Arrhenius parameters for the 

reactions which declared them
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C AUNITS - character 3tring which describes the input units
C of A, the pre-exponential factor PAR(1,I)
C EUNITS - character string which describes the input units
c of E, the activation energy P A R (3,I)
c NREAC - array of the number of reactants in the reactions
c NUNK - matrix of the species numbers of the reactants
c and products in the reactions
c NU - matrix of the stoichiometric coefficients of the
c reactants and products in the reactions
c KCHRG - array of the electronic charges of the species
c MDIM - the maximum number of elements allowed
c MM - the actual number of elements declared
c KNCF - matrix of elemental composition of the species
c IDUP - array of integer flags to indicate duplicate
c reactions
c NFAL - total number of reactions with fall-off
c IFAL - array of the NFAL reaction numbers
c NFAR - maximum number of fall-off parameters allowed
c PFAL - matrix of fall-off parameters for the NFAL
c reactions
c IFOP - array of integer fall-off types for the NFAL
c reactions
c NREV - total number of reactions with reverse parameters
c IREV - array of the NREV reaction numbers
c NTHB - total number of reactions with third-bodies
c ITHB - array of the NTHB reaction numbers
c NLAN - total number of reactions with Landauer-Teller
c parameters
c ILAN - array of the NLAN reaction numbers
c NRLT - total number of reactions with reverse
c Landauer-Teller parameters
c IRLT - array of the NRLT reaction numbers
c KERR - logical error flag
c LOUT - unit number for output messages
cc c
c
C*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N)
*****END precision > double 
*****preCision > single

IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)
*****END precision > single

DIMENSION NSPEC(*) , PAR(NPAR,*), RPAR(NPAR,*), NREAC(*),
1 NUNK(MAXSP,*), NU(MAXSP,*), KCHRG(*), KNCF(MDIM,*),
2 IDUP(*), IFAL(*), KFAL(*), PFAL(NFAR,*), IFOP(*),
3 IREV(*), ITHB(*), ILAN(*), IRLT(*)
CHARACTER*(*) AUNITS, EUNITS
LOGICAL IERR,KERR,LREV,LLAN, LRLT

C
CALL CK3AL (MAXSP, NUNK(1,II), NU(1,II), MDIM, MM, KCHRG, KNCF,

1 IERR)
C

IF (IERR) THEN
KERR «= .TRUE.
WRITE (LOUT, 1060)

ENDIF
C

CALL CKDUP (II, MAXSP, NSPEC, NREAC, NU, NUNK, NFAL, IFAL, KFAL,
1 ISAME)

C
IF (ISAME -GT. 0) THEN

IF (IDUP(ISAME).NE.O .AND. IDUP(II).N E .0) THEN 
IDUP (ISAME) «= ABS (IDUP (ISAME) )
IDUP(II) = ABS(IDUP(II))
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ELSE
Nl ■= 0 
N2 = 0
IF (NTHB .GT. 1) THEN 

DO 150 N ■= 1, NTHB
IF (ITHB(N) .EQ. ISAME) Nl = 1 
IF (ITHB(N) .EQ. II) N2 = 1

150 CONTINUE
ENDIF
IF (Nl .EQ. N2) THEN 

KERR « .TRUE.
WRITE (LOUT, 1050) ISAME 

ENDIF 
ENDIF 

ENDIF
C

IF (NFAL.GT.0 .AND. IFAL(NFAL).EQ.II -AND. IFOP(NFAL).L T .0) THEN 
KERR = .TRUE.
WRITE (LOUT, 1020)

ENDIF
C

LREV = (NREV.GT.0 .AND. IREV(NREV).E Q .II)
LLAN = (NLAN.GT.0 .AND. ILAN(NLAN).EQ.II)
LRLT = (NRLT.GT.0 .AND. IRLT(NRLT).EQ.II)
IF (LREV .AND. LLAN .AND. (.NOT.LRLT)) THEN 

KERR = .TRUE.
WRITE (LOUT, 1030)

ENDIF
IF (LRLT .AND. (.NOT.LLAN)) THEN 

KERR = .TRUE.
WRITE (LOUT, 1040)

ENDIF
IF (LRLT .AND. (.NOT.LREV)) THEN 

KERR = .TRUE.
WRITE (LOUT, 1045)

ENDIF
C

IF (EUNITS .EQ. 1KELV') THEN 
EFAC = 1.0 

ELSEIF (EUNITS .EQ. 'CAL/') THEN 
C convert E from cal/mole to Kelvin

EFAC = 1.0 / 1.987 
ELSEIF (EUNITS .EQ. 1KCAL') THEN 

C convert E from kcal/mole to Kelvin
EFAC = 1000.0 / 1.987 

ELSEIF (EUNITS .EQ. 'JOUL') THEN 
C convert E from Joules/mole to Kelvin

EFAC = 1.0 / 8.314 
ELSEIF (EUNITS .EQ. 'KJOU') THEN 

C convert E from Kjoules/mole to Kelvin
EFAC = 1000.0 / 8.314 

ENDIF
P A R (3,11) = P A R (3,II) * EFAC

IF (NREV.GT.0 .AND. IREV(NREV).EQ.II) RPAR(3, II)=RPAR(3,II)*EFAC
IF (NFAL.GT.0 .AND. IFAL(NFAL) .EQ.II) PFAL(3, II)=PFAL(3,11)1EFAC

IF (NREV.GT.0 .AND. IREV(NREV).EQ.II)
1 RPA R (3,NREV) = RPAR(3,NREV) * EFAC
IF (NFAL.GT.0 .AND. IFAL(NFAL).E Q .II)

1 PFAL(3,NFAL) = PFAL(3,NFAL) * EFAC
C

IF (AUNITS .EQ. 'MOLC') THEN 
NSTOR = 0
NSTOP = 0
DO 50 N = 1, MAXSP
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50

C
C
C
c
c

IF (NU(N,II) .LT. 0) THEN
stun of stoichiometric coefficients of reactants 
NSTOR = NSTOR + ABS(NU(N, II))

ELSEIF (NU(N,II) .GT. 0) THEN
sum of stoichiometric coefficients of products 
NSTOP *■ NSTOP + NU (N, II)

ENDIF
CONTINUE
AVAG ■=■ 6.023E23 

IF (NFAL.GT.0 .AND. IFAL(NFAL).EQ.II) THEN

fall-off reaction, " (+M) " or " (+species name)" does not 
count except in "LOW" A-factor; 
reverse-rate declarations are not allowed

IF (NSTOR.GT.O) PAR(1,II) 
NSTOR = NSTOR + 1 
IF (NSTOR.GT.O) PFAL(1,NFAL)

P A R (1,11) * AVAG**(NSTOR-1)
PFAL(1,NFAL)*AVAG * * (NSTOR-1) 

ELSEIF (NTHB.GT.O .AND. ITHB(NTHB).E Q .II) THEN
third body reaction, "+M" counts as species in 
forward and reverse A-factor conversion

NSTOR = NSTOR + 1 
NSTOP = NSTOP + 1
IF (NSTOR.GT.O) PAR(1,II) = PAR(1,II) * AVAG** (NSTOR-1)
IF (NREV.GT.O .AND. IREV(NREV) .EQ. II .AND. NSTOP.GT.O) 

RPAR(1,NREV) = RPAR(1,NREV) * AVAG**(NSTOP-1)
ELSE

not third-body or fall-off reaction, but may have 
reverse rates.
IF (NSTOR .GT. 0) PAR(1,II) = PAR(1,II) * AVAG** (NSTOR-1) 
IF (NREV.GT.O .AND. IREV(NREV).E Q .II .AND. NSTOP.GT.O) 

RPAR (1, NREV) ■= RPAR (1, NREV) * AVAG* * (NSTOP-1)
ENDIF

ENDIF

1020
1030
1040
1045
1050
1060

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
RETURN
END

(6X,1 Error...no LOW parameters given for fall-off...1)
(6X,'Error...reverse T-L required...')
(6X,'Error...forward T-L required...1)
(6X,'Error...REV parameters must be given with RTL...') 
(6X,'Error...undeclared duplicate to reaction number ’,13) 
(6X,"Error...reaction does not balance...')

C
C
c
c
c
c
c
c
c
c
c
c

SUBROUTINE CKBAL (NSPEC, KSPEC, KCOEF, MDIM, MM, KCHRG, KNCF, 
1 IERR)

Checks elemental balance of reactants vs. products.
Checks charge balance of reaction.
Input: NSPEC - total number of species in this reaction

KSPEC(N),N=1,NSPEC- array of species numbers in reaction 
KCOEF(N) - stoichiometric coefficients of the species 
MDIM - maximum number of elements allowed 
MM - actual integer number of elements 
KCHRG(K) - ionic charge Kth species
KNCF(M,K)- integer elemental composition of Kth species 

Output: KERR - logical, =.TRUE. if reaction does not balance
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F. Rupley, Div. 8245, 5/13/86 c
*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N)
*****END precision > double 
*****precision > single

IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)
*****END precision > single

DIMENSION KSPEC(*), KCOEF(‘), KNCF(MDIM, *), KCHRG(*)
LOGICAL IERR

IERR = .FALSE.

charge balance
KBAL = 0
DO 50 N = 1, ABS(NSPEC)

KBAL = KBAL + KCOEF(N)*KCHRG(KSPEC(N))
50 CONTINUE

IF (KBAL .NE. 0) IERR = .TRUE.
element balance

DO 100 M = 1, MM 
MBAL = 0
DO 80 N - 1, ABS(NSPEC)

MBAL = MBAL + KCOEF(N)*KNCF(M, KSPEC(N))
80 CONTINUE

IF (MBAL .NE. 0) IERR = .TRUE.
100 CONTINUE 

RETURN 
END c
SUBROUTINE CKDUP (I, MAXSP, NS, NR, NU, NUNK, NFAL, IFAL, KFAL,

1 ISAME)
Checks reaction I against the (1-1) reactions for duplication c

“ ‘“ precision > double
IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N)

“ ‘“ END precision > double 
1***‘precision > single

IMPLICIT REAL (A-H,O-Z), INTEGER (I-N)
“ ‘“ END precision > single

DIMENSION N S (*), NR(‘), NU(MAXSP,‘), NUNK(MAXSP,*), IFAL(‘),
1 KFAL(*)

ISAME = 0 
NRI = NR(I)
NPI = ABS(NS(I)) - NR(I)

C
DO 500 J = 1, 1-1

C
NRJ «= NR (J)
NPJ = ABS(NS(J)) - N R (J)

C
IF (NRJ.EQ.NRI .AND. NPJ.EQ.NPI) THEN

C
NSAME = 0
DO 20 N = 1, MAXSP 

KI = NUNK(N,I)
Nl = NU(N,I)

C
DO 15 L = 1, MAXSP
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KJ = NUNK(L, J)
NJ = NU(L,J)
IF (NJ.NE.O .AND. KJ.EQ.KI .AND. NJ.EQ.NI)

1 NSAME - NSAME + 1
15 CONTINUE
20 CONTINUE

IF (NSAME .EQ. ABS(NS(J))) THEN
same products, reactants, coefficients, check fall-off 
third body

IF (NFAL.GT.O .AND. IFAL(NFAL).EQ.I) THEN 
DO 22 N = 1, NFAL-1

IF (J.EQ.IFAL(N) .AND. KFAL(N).E Q .KFAL(NFAL)) THEN 
ISAME = J 
RETURN 

ENDIF
22 CONTINUE

RETURN 
ENDIF
ISAME = J 
RETURN 

ENDIF 
ENDIF
IF (NPI.EQ.NRJ .AND. NPJ.EQ.NRI) THEN

C
NSAME = 0
DO 30 N = 1, MAXSP 

KI = NUNK(N, I)
Nl = NU (N, I)

C
DO 25 L = 1, MAXSP 

KJ = NUNK(L , J )
NJ = NU(L,J)
IF (NJ.NE.O .AND. KJ.EQ.KI .AND. -NJ.EQ.NI)

1 NSAME = NSAME + 1
25 CONTINUE
30 CONTINUE

C
IF (NSAME.EQ.ABS(NS(J)) .AND.

1 (NS(J).GT.O .OR. NS(I).GT.O)) THEN
C
C same products as J reactants, and vice-versa
C

IF (NFAL.GT.O .AND. IFAL(NFAL).EQ.I) THEN 
DO 32 N = 1, NFAL-1

IF (J.EQ.IFAL(N) .AND. KFAL(N).E Q .KFAL(NFAL)) THEN 
ISAME = J 
RETURN 

ENDIF
32 CONTINUE

RETURN 
ENDIF

C
ISAME » J 
RETURN 

ENDIF 
ENDIF

C
500 CONTINUE 

RETURN 
ENDc c
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SUBROUTINE CKISUB (LINE, SUB, NSUB)
C
C Generates an array of CHARM*) substrings from a CHARM*) string,
C using blanks or tabs as delimiters
C
C Input: LINE - a CHARM*) line
C Output: SUB - a CHAR*(*) array of substrings
C NSUB - number of substrings found
C A  ’!' will comment out a line, or remainder of the line.
C F. Rupley, Div. 8245, 5/15/86
c---------------------------------------------------------------------------------- c
C*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N) 
C*****END precision > double 
C*****precision > single
C IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)
C*****END precision > single 
C

CHARACTER*(*) SUB(*), LINE 
NSUB = 0

C
DO 5 N = 1, LEN(LINE)

IF (ICHAR(LINE(N:N)) .EQ. 9) LINE(N:N) = ' '
5 CONTINUE

C
IF (IPPLEN(LINE) .LE. 0) RETURN

C
ILEN = ILASCH(LINE)

C
NSTART = IFIRCH(LINE)

10 CONTINUE
ISTART = NSTART 
NSUB = NSUB + 1 
SUB(NSUB) = ' '

C
DO 100 I = ISTART, ILEN

ILAST = INDEX(LINE(ISTART:), ' * ) - 1
IF (ILAST .GT. 0) THEN

ILAST = ISTART + ILAST - 1 
ELSE

ILAST = ILEN 
ENDIF
SUB(NSUB) = LINE(ISTART:ILAST)
IF (ILAST .EQ. ILEN) RETURN

C
NSTART = ILAST + IFIRCH(LINE(ILAST+1:))

C
C Does SUB have any slashes?
C

11 ■= INDEX (SUB (NSUB) , 1/')
IF (II .LE. 0) THEN

IF (LINE(NSTART:NSTART) .NE. '/') GO TO 10 
NEND = NSTART + INDEX(LINE(NSTART+1:),'/')
IND = INDEX(SUB(NSUB),' ')
SUB(NSUB)(IND:) = LINE(NSTART:NEND)
IF (NEND .EQ. ILEN) RETURN
NSTART = NEND + IFIRCH(LINE(NEND+1:))
GO TO 10 

ENDIF
C
C Does SUB have 2 slashes?
c

12 = INDEX(SUB(NSUB) (11+1:), '/')
IF (12 .GT. 0) GO TO 10

C
NEND = NSTART + INDEX(LINE(NSTART+1:),'/’)
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IND - INDEX(SUB(NSUB),' ') + 1
SUB(NSUB)(IND:) - LINE(NSTART:NEND)
IF (NEND .EQ. ILEN) RETURN 
NSTART - NEND + IFIRCH(LINE(NEND+1:)) 
GO TO 10 

100 CONTINUE
RETURN
ENDc------------------------------------------------------------- c
SUBROUTINE IPNPAR (LINE, NPAR, IPAR, ISTART)

C
C Returns CHAR*(*) IPAR substring of CHAR*(*) string LINE which
C contains NPAR real parameters
C
C Input: LINE - a CHARM*) line
C NPAR - number of parameters expected
C Output: IPAR - the substring of parameters only
C ISTART - the starting location of IPAR substring
C A  '!' will comment out a line, or remainder of the line.
C F. Rupley, Div. 8245, 5/14/86c------------------------------------------------------------- c
C*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N)
* * * * *END precision > double 
*****precision > single

IMPLICIT REAL (A-H,O-Z), INTEGER (I-N)
* * * * *END precision > single

CHARACTER*(*) LINE,IPAR

----------- Find Comment String (! signifies comment)
ILEN = IPPLEN(LINE)
ISTART = 0 
N = 0
IF (ILEN.GT.O) THEN

DO 40 I = ILEN, 1, -1 
ISTART = I 
IPAR = ' '
IPAR = LINE(ISTART:ILEN)
IF (LINE(I:I).NE.' ') THEN

IF (I .EQ. 1) RETURN 
IF (LINE(I-1:I-1) .EQ. ' ') THEN

N = N + 1
IF (N .EQ. NPAR) RETURN 

ENDIF 
ENDIF

40 CONTINUE 
ENDIF 
RETURN 
ENDc c
SUBROUTINE IPPARI(STRING, ICARD, NEXPEC, IVAL, NFOUND, IERR, LOUT)

C BEGIN PROLOGUE IPPARI
C REFER TO IPGETI
C DATE WRITTEN 850625 (YYMMDD)
C REVISION DATE 851725 (YYMMDD)
C CATEGORY N O . J 3 .,J 4 .,M2.
C KEYWORDS PARSE
C AUTHOR CLARK,G.L.,GROUP C-3 LOS ALAMOS N A T 'L LAB
C PURPOSE Parses integer variables from a character variable. Called
C by IPGETI, the IOPAK routine used for interactive input.
C DESCRIPTION
Cc--------------------------------------------------------------
C IPPARI may be used for parsing an input record that contains integer
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C values, but was read into a character variable instead of directly 
C into integer variables.
C The following benefits are gained by this approach:
C - specification of only certain elements of the array is allowed,
C thus letting the others retain default values
C - variable numbers of values may be input in a record, up to a
C specified maximum
C - control remains with the calling program in case of an input
C error
C - diagnostics may be printed by IPPARI to indicate the nature
C of input errors
C
C The contents of STRING on input indicate which elements of IVAL
C are to be changed from their entry values, and values to which
C they should be changed on exit. Commas and blanks serve as
C delimiters, but multiple blanks are treated as a single delimeter.
C Thus, an input record such as:
C ' 1, 2,,40000 , ,60'
C is interpreted as the following set of instructions by IPGETR:
C
C (1) set IVAL(1) = 1
C (2) set IVAL(2) = 2
C (3) leave IVAL(3) unchanged
C (4) set IVAL(4) = 40000
C (5) leave IVAL(5) unchanged
C (6) set IVAL(6) = 60
C
C IPPARI will print diagnostics on the default output device, if 
C desired.
C
C IPPARI is part of IOPAK, and is written in ANSI FORTRAN 77 
C
C Examples:
C
C Assume IVAL = (0, 0, 0) and NEXPEC = 3 on entry:
C
C input string IVAL on exit IERR NFOUND
C ' 2 , 3 45 ' (2, 3, 45) 0 3
C '2.15,,3' (2, 0, 3) 1 0
C 13X, 25, 2' (0, 0, 0) 1 0
C '10000' (10000, 0, 0) 2 1
C
C Assume IVAL = (0, 0, 0, 0) and NEXPEC = -4 on entry:
C
C input string IVAL on exit IERR NFOUND
c  ' 1 ? '  /1 o  \ n ?
C ' , ' , 3 1 400' (0* 0, 37, 400) 0 4
C ' 1, , -3, , 5' (1, 0, -3, 0) 3 4
C
C arguments: (I=input,0=output)c -------------------------
C STRING (I) - the character string to be parsed.
C
C ICARD (I) - data statement number, and error processing flag
C < 0 : no error messages printed
C = 0 : print error messages, but not ICARD
C > 0 : print error messages, and ICARD
C
C NEXPEC (I) - number of real variables expected to be input. If 
C < 0 ,  the number is unknown, and any number of values
C between 0 and abs(nexpec) may be input. (see NFOUND)
C
C PROMPT (I) - prompting 3tring, character type. A question 
C mark will be added to form the prompt at the screen.
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c
C IVAL (1,0) - the integer value or values to be modified. On entry,
C the values are printed as defaults. The formal parameter
C corresponding to IVAL must be dimensioned at least NEXPEC
C in the calling program if NEXPEC > 1.
C
C NFOUND (0) - the number of real values represented in STRING,
C only in the case that there were as many or les3 than
C NEXPEC.
C
C IERR (0) - error flag:
C = 0 if no errors found
C = 1  syntax errors or illegal values found
C «= 2 for too few values found (NFOUND < NEXPEC)
C = 3  for too many values found (NFOUND > NEXPEC)
c ------------------------------------------------------------
c
c  REFERENCES (NONE)
C ROUTINES CALLED IFIRCH,ILASCH 
C END PROLOGUE IPPARI 
q * * + * *precision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N)
C*****END precision > double 
C
C*****precision > single
C IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)
C*****END precision > single
C
C

CHARACTER STRING*(*), ITEMP*80 
DIMENSION IVAL(*)
CHARACTER *8 FMT(14)
LOGICAL OKINCR

C
C FIRST EXECUTABLE STATEMENT IPPARI 

IERR = 0 
NFOUND = 0 
NEXP = IABS(NEXPEC)
IE = ILASCH(STRING)
IF (IE .EQ. 0) GO TO 500 
NC = 1

C
C  OKINCR is a flag that indicates it's OK to increment
C  NFOUND, the index of the array into which the value
C  should be read. It is set false when a space follows
C  an integer value substring, to keep incrementing from
C  occurring if a comma should be encountered before the
C  next value.
C

OKINCR = .TRUE.
C
C  begin overall loop on characters in string
C
100 CONTINUE 
C

IF (STRING(NC:NC) .EQ. ',') THEN 
IF (OKINCR .OR. NC .EQ. IE) THEN 

NFOUND = NFOUND + 1 
ELSE

OKINCR *= .TRUE.
ENDIF

C
GO TO 450 

ENDIF
IF (STRING(NC:NC) .EQ. ’ ') GO TO 450

C
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C  first good character (non-delimeter) found - now find
C  last good character
C

IBS - NC 
160 CONTINUE

NC = NC + 1
IF (NC .GT. IE) GO TO 180 
IF (STRING(NC:NC) .EQ. ' ')THEN

OKINCR = .FALSE.
ELSEIF (STRING(NC:NC) .EQ. ',')THEN 

OKINCR = .TRUE.
ELSE

GO TO 160 
ENDIF

C
C  end of substring found - read value into integer array
C
180 CONTINUE

NFOUND = NFOUND + 1 
IF (NFOUND .GT. NEXP) THEN 

IERR ■= 3 
GO TO 500 

ENDIF
C

IES = NC - 1
NCH *= IES - IBS + 1
DATA FMT/' (II)', ' (12)', ' (13)', * (14)', ' (15)',

1 ' (16) \  1 (17)', ' (18)', ' (19)', '(110)',
2 '(111)', '(112)’, '(113)', '(114)'/
ITEMP = ' '
ITEMP = STRING(IBS:IES)
READ (ITEMP (l.-NCH) , FMT (NCH) , ERR = 400) IVAL (NFOUND)
GO TO 450 

400 CONTINUE 
IERR = 1 
GO TO 510 

450 CONTINUE
NC = NC + 1
IF (NC .LE. IE) GO TO 100

C
500 CONTINUE

IF (NEXPEC .GT. 0 .AND. NFOUND .LT. NEXP) IERR = 2 
510 CONTINUE 
C

IF (IERR .EQ. 0 .OR. ICARD .LT. 0)RETURN 
IF (ICARD .NE. 0) WRITE (LOUT, '(A,13)')

1 1!! ERROR IN DATA STATEMENT NUMBER', ICARD
IF (IERR .EQ. 1)

1 WRITE (LOUT, '(A)')'SYNTAX ERROR, OR ILLEGAL VALUE'
IF (IERR .EQ. 2) WRITE (LOUT, '(A,12, A, 12)')

1 ' TOO FEW DATA ITEMS. NUMBER FOUND = ' , NFOUND,
2 ' NUMBER EXPECTED = ', NEXPEC
IF (IERR -EQ. 3) WRITE (LOUT, '(A,12)')

1 ' TOO MANY DATA ITEMS. NUMBER EXPECTED = ’, NEXPEC
END

C
SUBROUTINE IPPARR(STRING, ICARD, NEXPEC, RVAL, NFOUND, IERR, LOUT) 

C BEGIN PROLOGUE IPPARR
C REFER TO IPGETR
C DATE WRITTEN 850625 (YYMMDD)
C REVISION DATE 851625 (YYMMDD)
C CATEGORY N O . J3 .,J4 .,M2.
C KEYWORDS PARSE
C AUTHOR CLARK,G.L.,GROUP C-3 LOS ALAMOS N A T 'L LAB
C PURPOSE Parses real variables from a character variable. Called
C by IPGETR, the IOPAK routine used for interactive input.
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C DESCRIPTION 
Cc------------
C IPPARR may be used for parsing an input record that contains real 
C values, but was read into a character variable instead of directly 
C into real variables.
C The following benefits are gained by this approach:
C - specification of only certain elements of the array is allowed,
C thus letting the others retain default values
C - variable numbers of values may be input in a record, up to a
C specified maximum
C - control remains with the calling program in case of an input
C error
C - diagnostics may be printed by IPPARR to indicate the nature
C of input errors
C
C The contents of STRING on input indicate which elements of RVAL
C are to be changed from their entry values, and values to which
C they should be changed on exit. Commas and blanks serve as
C delimiters, but multiple blanks are treated as a single delimeter.
C Thus, an input record such as:
C 1 1., 2,,4.e-5 , ,6.e-6'
C is interpreted as the following set of instructions by IPGETR:
C
C (1) set RVAL(l) = 1.0
C (2) set RVAL(2) = 2.0
C (3) leave RVAL(3) unchanged
C (4) set RVAL(4) = 4.0E-05
C (5) leave RVAL(5) unchanged
C (6) set RVAL(6) = 6.0E-06
C
C IPPARR will print diagnostics on the default output device, if
C desired.
C
C IPPARR is part of IOPAK, and is written in ANSI FORTRAN 77
c
C Examples:
C
C Assume RVAL = (0., 0., 0.) and NEXPEC = 3 on entry:
C

C input string RVAL on exit IERR NFOUND

C 1 2.34e-3, 3 45.1' (2.34E-03, 3.0, 45.1) 0 3
C ’2,,3.-5' (2.0, 0.0, 3.0E-05) 0 3
C ',1.4,0.028E4' (0.0, 1.4, 280.0) 0 3
C '1.0, 2.a4, 3.0' (1.0, 0.0, 0.0) 1 1
C '1.0' (1.0, 0.0, 0.0) 2 1
C
C Assume RVAL = (0.,0.,0.,0.) and NEXPEC = -4 on entry:
C
C input string RVAL on exit IERR NFOUND
C '1.,2. ' (1.0, 2.0) 0 2
C ',,3 4.0' (0.0, 0.0, 3.0, 4.0) 0 4
C '1,,3,,5.0 ' (0.0, 0.0, 3.0, 0.0) 3 4
C
C arguments: (I=input,O=output)
C -------------------------
C STRING (I) - the character string to be parsed.
C
C ICARD (I) - data statement number, and error processing flag
C < 0 : no error messages printed

** 0 : print error messages, but not ICARD
> 0 : print error messages, and ICARD

NEXPEC (I) - number of real variables expected to be input. If
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C < 0 ,  the number is unknown, and any number of values
C between 0 and abs(nexpec) may be input. (see NFOUND)
C
C PROMPT (I) - prompting string, character type. A question 
C mark will be added to form the prompt at the screen.
C
C RVAL (1,0) - the real value or values to be modified. On entry,
C the values are printed as defaults. The formal parameter
C corresponding to RVAL must be dimensioned at least NEXPEC
C in the calling program if NEXPEC > 1.
C
C NFOUND (0) - the number of real values represented in STRING,
C only in the case that there were as many or less than
C NEXPEC.
C
C IERR (O) - error flag:
C = 0 if no errors found
C = 1  syntax errors or illegal values found
C = 2 for too few values found (NFOUND < NEXPEC)
C = 3  for too many values found (NFOUND > NEXPEC)c----------------------------------------------------------
c
C REFERENCES (NONE)
C ROUTINES CALLED IFIRCH,ILASCH 
C END PROLOGUE IPPARR 
C*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N)
*****END precision > double

* * * *‘precision > single
IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)

*****END precision > single

CHARACTER STRING*(*), ITEMP*80 
DIMENSION RVAL(*)
CHARACTER *8 FMT(22)
LOGICAL OKINCR

FIRST EXECUTABLE STATEMENT IPPARR 
IERR = 0 
NFOUND = 0 
NEXP = I M S  (NEXPEC)
IE = ILASCH(STRING)
IF (IE .EQ. 0) GO TO 500 
NC = 1

  OKINCR is a flag that indicates it's OK to increment
  NFOUND, the index of the array into which the value
  should be read. It is set negative when a space follows
  a real value substring, to keep incrementing from
  occurring if a comma should be encountered before the
-- next value.

OKINCR = .TRUE.

-- begin overall loop on characters in string

100 CONTINUE 
C

IF (STRING(NC:NC) .EQ. ',') THEN 
IF (OKINCR) THEN

NFOUND = NFOUND + 1 
ELSE

OKINCR = .TRUE.
END IF



GO TO 450 
ENDIF
IF (STRING(NC:NC) .EQ. ' ') GO TO 450

C
C  first good character (non-delimeter) found - now find
C  last good character
C

IBS - NC 
160 CONTINUE

NC •= NC + 1
IF (NC .GT. IE) GO TO 180 
IF (STRING(NC:NC) .EQ. ’ ')THEN 

OKINCR = .FALSE.
ELSEIF (STRING(NC:NC) .EQ. ' , ')THEN 

OKINCR *= .TRUE.
ELSE

GO TO 160 
ENDIF

C
C  end of substring found - read value into real array
C
180 CONTINUE

NFOUND = NFOUND + 1 
IF (NFOUND .GT. NEXP) THEN 

IERR = 3 
GO TO 500 

ENDIF
C

DATA FMT/ ' (El.0) ', ' (E2.0) ' , ' (E3.0) ' , ' (E4
1 ' (E5.0) ' , ' (E6.0) ', ' (E7.0) ' , ' (E8.0) ' , ' (E9
2 ' (E10.0) ' , ' (E11.0) ' , ' (E12.0) ' , ' (E13.0) ' ' (E14
3 ' (E15.0) ' , ' (E16.0) ' , ' (E17.0) ' , ' (E18.0) ' ' (E19
4 ' (E20.0) ' , ' (E21.0) ' , ' (E22.0) '/
IES = NC - 1
NCH = IES - IBS + 1
ITEMP = ' '
ITEMP = STRING(IBS:IES)
READ (ITEMP(1:NCH), FMT(NCH), ERR = 400) RVAL(NFOUND) 
GO TO 450 

400 CONTINUE
WRITE (LOUT, 555) STRING(IBS:IES)

555 FORMAT (A)
IERR = 1 
GO TO 510 

45 0 CONTINUE
NC = NC + 1
IF (NC .LE. IE) GO TO 100

C
500 CONTINUE

IF (NEXPEC .GT. 0 .AND. NFOUND .LT. NEXP) IERR = 2 
510 CONTINUE 
C

IF (IERR .EQ. 0 .OR. ICARD .LT. 0) RETURN 
IF (ICARD .NE. 0) WRITE (LOUT, '(A,13)')

1 '!! ERROR IN DATA STATEMENT NUMBER', ICARD
IF (IERR .EQ. 1)

1 WRITE (LOUT, '(A)')'SYNTAX ERROR, OR ILLEGAL VALUE' 
IF (IERR .EQ. 2) WRITE (LOUT, '(A,12, A, 12)')

1 ' TOO FEW DATA ITEMS. NUMBER FOUND = ' , NFOUND,
2 ’ NUMBER EXPECTED = ', NEXPEC
IF (IERR .EQ. 3) WRITE (LOUT, '(A,12)')

1 ' TOO MANY DATA ITEMS. NUMBER EXPECTED = ', NEXPEC
END

C
FUNCTION IFIRCH(STRING)

C BEGIN PROLOGUE IFIRCH
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C DATE WRITTEN 850626
C REVISION DATE 850626
C CATEGORY NO. M 4 .
C KEYWORDS CHARACTER STRINGS,SIGNIFICANT CHARACTERS
C AUTHOR CLARK,G.L., GROUP C-3 LOS ALAMOS NAT'L LAB
C PURPOSE Determines first significant (non-blank) character 
C in character variable
C DESCRIPTION
C
c ------------------------------------------------------------
C IFIRCH locates the first non-blank character in a string of 
C arbitrary length. If no characters are found, IFIRCH is set = 0.
C When used with the companion routine ILASCH, the length of a string 
C can be determined, and/or a concatenated substring containing the 
C significant characters produced.c-------------------------------------------------------------
c
C REFERENCES (NONE)
C ROUTINES CALLED (NONE)
C END PROLOGUE IFIRCH
C*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N)
* * * * *END precision > double

*****precision > single
IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)

*****END precision > single

CHARACTER* (*)STRING

FIRST EXECUTABLE STATEMENT IFIRCH 
NLOOP = LEN(STRING)

C
IF (NLOOP .EQ. 0) THEN 

IFIRCH = 0 
RETURN 

ENDIF
C

DO 100 1 = 1 ,  NLOOP
IF (STRING(I-.I) .NE. ' ' ) GO TO 120

100 CONTINUE 
C

IFIRCH = 0 
RETURN 

120 CONTINUE
IFIRCH = I 
END
FUNCTION ILASCH(STRING)

C BEGIN PROLOGUE ILASCH
C DATE WRITTEN 85062 6
C REVISION DATE 850626
C CATEGORY NO. M 4 .
C KEYWORDS CHARACTER STRINGS,SIGNIFICANT CHARACTERS 
C AUTHOR CLARK,G.L.,GROUP C-3 LOS ALAMOS NAT'L LAB
C PURPOSE Determines last significant (non-blank) character
C in character variable
C DESCRIPTION
Cc-------------------------------------------------------------
C IFIRCH locates the last non-blank character in a string of 
C arbitrary length. If no characters are found, ILASCH is set = 0.
C When used with the companion routine IFIRCH, the length of a string 
C can be determined, and/or a concatenated substring containing the 
C significant characters produced.
C Note that the FORTRAN intrinsic function LEN returns the length 
C of a character string as declared, rather than as filled. The
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C declared length Includes leading and trailing blanks, and thus is 
C not useful in generating 'significant' substrings.c-----------------------------------------------------------
c
C REFERENCES (NONE)
C ROUTINES CALLED (NONE)
C END PROLOGUE IFIRCH 
C*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N)
C*****END precision > double 
C
C*****precision > single
C IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)
C*****END precision > single 
C

CHARACTER*(*) STRING
C
C***FIRST EXECUTABLE STATEMENT ILASCH 

NLOOP = LEN(STRING)
IF (NLOOP.EQ.O) THEN 

ILASCH = 0 
RETURN 

ENDIF

100
C
120

DO 100 I = NLOOP, 1, -1 
IF (STRING(1:1) .NE. 

CONTINUE

CONTINUE 
ILASCH = I 
END

1 ) GO TO 120

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
c
c
c
c
c
c
c
c
C*

c *
c *
c
c
c

SUBROUTINE CKCOMP (1ST, IRAY, II, I)
START PROLOGUE

SUBROUTINE CKCOMP (1ST, IRAY, II, I)*
Returns the index of an element of a reference character 
string array which corresponds to a character string; 
leading and trailing blanks are ignored.

INPUT
1ST
IRAY

II

OUTPUT
I

- A  character string.
Data type - CHARACTER*(*)

- An array of character strings; 
dimension IRAY(*) at least II

Data type - CHARACTER*(*)
- The length of IRAY.

Data type - integer scalar.

- The first integer location in IRAY in which 1ST 
corresponds to IRAY(I); if 1ST is not also an 
entry in IRAY, 1=0.

END PROLOGUE
****precision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N) 
****END precision > double 
****precision > single

IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)
****END precision > single
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CHARACTER*(*) 1ST, IRAY(*)
1 = 0
DO 10 N = II, 1, -1

151 = IFIRCH(1ST)
152 = ILASCH(1ST)
IR1 = IFIRCH(IRAY(N))
IR2 = ILASCH(IRAY(N))
IF ( IS2.GE.IS1 .AND. IS2.GT.0 .AND.

1 IR2.GE.IRI .AND. IR2.GT.0 .AND.
2 IST(IS1:IS2).EQ.IRAY(N)(IR1:IR2) ) I=N

10 CONTINUE
RETURN
END

 c
SUBROUTINE CKUNIT (LINE, AUNITS, EUNITS, IUNITS)

*****precision > double
IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N)

C*****END precision > double 
C*****precision > single
C IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)
C*****END precision > single

CHARACTER*(*) LINE, IUNITS, AUNITS, EUNITS 
CHARACTER*4 UPCASE

C
AUNITS = ' '
EUNITS = ' '
IUNITS = 1 1
DO 85 N = 1, ILASCH(LINE)-3 

IND = ILASCH(IUNITS)
IF (EUNITS .EQ. ' ') THEN

IF (UPCASE(LINE(N:), 4) .EQ. 'CAL/') THEN
EUNITS = 'CAL/'
IF (IUNITS .EQ. 1 ') THEN

IUNITS = 'E units cal/mole'
ELSE

IUNITS(IND:) = ', E units cal/mole'
ENDIF

ELSEIF (UPCASE(LINE(N:) , 4) .EQ. 'KCAL') THEN
EUNITS = 'KCAL'
IF (IUNITS .EQ. ' ') THEN

IUNITS <= 'E units Kcal/mole'
ELSE

IUNITS(IND:) = ', E units Kcal/mole'
ENDIF

ELSEIF (UPCASE(LINE(N:) , 4) .EQ. 'JOUL') THEN
EUNITS = 'JOUL'
IF (IUNITS .EQ. ' ') THEN

IUNITS *=■• 'E units Joules/mole'
ELSE

IUNITS (IND:) ■= ', E units Joules/mole'
ENDIF

ELSEIF (UPCASE(LINE(N:) , 4) .EQ. 'KJOU') THEN
EUNITS » 'KJOU'
IF (IUNITS .EQ. ' ') THEN

IUNITS = 'E units Kjoule/mole'
ELSE

IUNITS(IND:) = ', E units Kjoule/mole'
ENDIF

ELSEIF (UPCASE(LINE(N:) , 4) .EQ. 'KELV') THEN 
EUNITS = 'KELV'
IF (IUNITS .EQ. ' ') THEN

IUNITS = 'E units Kelvins'
ELSE
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IUNITS(IND:) = ', E units Kelvins'
ENDIF

ENDIF
ENDIF
IF (AUNITS .EQ. ' ') THEN

IF (UPCASE(LINE(N:), 4) -EQ. 'MOLE') THEN 
IF (UPCASE(LINE(N+4:), 1) .EQ. ’S') THEN 

AUNITS - 'MOLE'
IF (IUNITS .EQ. ' ') THEN

IUNITS “ 'A units mole-cm-sec-K'
ELSE

IUNITS(IND:) “ ', A  units mole-cm-sec-K1 
ENDIF

ELSEIF (UPCASE(LINE(N+4:), 4) .EQ. 'CULE') THEN 
AUNITS - 'MOLC'
IF (IUNITS .EQ. ' ') THEN

IUNITS *» 'A units molecules'
ELSE

IUNITS(IND:) = A  units molecules'
ENDIF 

ENDIF 
ENDIF 

ENDIF 
85 CONTINUE

C
IF (AUNITS .EQ. ’ ') THEN

AUNITS = 'MOLE'
IND = ILASCH(IUNITS) + 1 
IF (IND .GT. 1) THEN

IUNITS(IND:) = ', A  units mole-cm-sec-K'
ELSE

IUNITS(IND:) = ' A  units mole-cm-sec-K'
ENDIF

ENDIF
C

IF (EUNITS .EQ. ' ’) THEN 
EUNITS = 'CAL/'
IND = ILASCH(IUNITS) + 1 
IF (IND .GT. 1) THEN

IUNITS(IND:) = ', E units cal/mole'
ELSE

IUNITS(IND:) = ' E units cal/mole'
ENDIF

ENDIF
C

RETURN 
END
 c
INTEGER FUNCTION IPPLEN (LINE)

C
C BEGIN PROLOGUE 
C
C FUNCTION IPPLEN (LINE)
C Returns the effective length of a character string, i.e.,
C the index of the last character before an exclamation mark ( !)
C indicating a comment.
C
C INPUT
C LINE - A  character string.
C
C OUTPUT
C IPPLEN - The effective length of the character string.
C
C END PROLOGUE
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c
C*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,O-Z), INTEGER (I-N) 
C*****END precision > double 
C*****precision > single
C IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)
C*****END precision > single 
C

CHARACTER LINE*(*)
C

IN = IFIRCH(LINE)
IF (IN.EQ.O .OR. LINE(IN:IN).EQ.'!') THEN 

IPPLEN “ 0 
ELSE

IN - INDEX(LINE, '!*)
IF (IN .EQ. 0) THEN

IPPLEN = ILASCH(LINE)
ELSE

IPPLEN = ILASCH(LINE(:IN-1))
ENDIF

ENDIF
RETURN
END

C
CHARACTER*(*) FUNCTION UPCASE(ISTR, ILEN)
CHARACTER ISTR*(*), LCASE(26)*1, UCASE(26)*1
DATA LCASE /'a', 'b', 'c', 'd\ ' e' ,'f', 'g','h1,. ’ i ','j' , ' k ■, 'm' ,

1 'n', 'o', 'P'/ 'q ' , •r', ' s ',•t ','u',,'v' ,'w ’/ ’x' , ' y ', ' z ' /
2 UCASE /'A', 'B', 'C', •D\ 'E\ ■ p i, ’G', 'H\,'I','J' , 'K', ' T 11j t 'M\
3 'N\ 'O’, •P’, ’Q ’, •R’ ,'S' , 'T', ’U \ , ’V ’ , 'W' , ’X 1,* Y ■, ’ Z 1 /

C
UPCASE = ' '
UPCASE = ISTR(:ILEN)
JJ = MIN (LEN(UPCASE), LEN(ISTR), ILEN)
DO 10 J = 1, JJ 

DO 10 N = 1,26
IF (ISTR(J:J) .EQ. LCASE(N)) UPCASE(J:J) = UCASE(N) 

10 CONTINUE 
RETURN 
END

SUBROUTINE FILEIO_INT

IMPLICIT DOUBLE PRECISION (A-H,O-Z)
PARAMETER (LIN=5, LOUT=6, LTHRM=17, LINC=25) 
CHARACTER FILE_MECH*20,FILE_THM*20,FILE_INP*20, 

1 FILE_MOUT*20, FILE_OUT*2 0,FILE_LINK*2 0
COMMON/FILE_IO/FILE_MECH,FILE_THM,FILE_INP,

1 FILE_MOUT, FILE_OUT,FILE_LINK

5 WRITE(*,10)
10 FORMAT(1 Please enter the input mechanism file name : ')

READ(*,'(A20)')FILE_MECH
OPEN(UNIT=5,FILE=FILE_MECH,STATUS='OLD1,ERR=30)

GO TO 50 
30 CONTINUE

W R I T E (*,40)FILE_MECH 
40 FORMAT(' Can not find file : ',A20)

GO TO 5 
5 0 CONTINUE
105 W RITE(*,110)
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110 FORMAT(' Please enter the NASA thermo file name : ') 
READ(*,'(A20)1)FILE_THM
OPEN(UNIT=17, FILE=FILE_THM,STATUS='OLD1,ERR=130)
GO TO 150 

130 CONTINUE
WRITE(*,140)FILEJTHM 

140 FORMAT(' Can not find file : ',A20)
GO TO 105 

150 CONTINUE

OPEN(UNIT=6, FILE='CKINTERP.OUT 1,STATUS='UNKNOWN 1) 
OPEN(UNIT=25, FILE='CHEMKIN.LNK',STATUS='UNKNOWN',
1 FORM=1 BINARY'>

RETURN
END
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SUBROUTINE CKRAT (RCKWRK, ICKWRK, II, KK, MAXSP, MAXTB, RU, PATM
1 
2
3
4

C

C START PROLOGUE 
C
C SUBROUTINE CKRAT 
C 1 
C 2 
C 3 
C 4 
C
C END PROLOGUE 
C
C*****precision > double

IMPLICIT DOUBLE PRECISION (A-H, O-Z), INTEGER (I-N)
C*****END precision > double 
C*****precision > single
C IMPLICIT REAL (A-H, O-Z), INTEGER (I-N)
C*****END precision > single 
C

DIMENSION RCKWRK(*), ICKWRK(*), C(*), NSPEC(*), NU(MAXSP,*),
1 NUNK(MAXSP,*), PAR(NPAR,*), IREV(*), RPAR(NPAR,*),
2 ILAN(*), IRLT(*), PLT(NLAR,*), RPLT(NLAR, *) ,
3 IFAL(*), IFOP(*), KFAL(*), FPAR(NFAR,*), ITHB(*),
4 NTB S (*), AIK(MAXTB, *) , NKTB(MAXTB,*), SMH(*),
5 R K F (*), R K R (*) , E Q K (*), CTB(*)

C
COMMON /MACH/ SMALL,BIG,EXPARG

C
c W RITE(*,*)1...CALL...CKRAT '

ALOGT = LOG(T)
C

DO 20 I = 1, II 
CTB(I) = 1.0
R K F (I) = PAR(1,1) * EXP(PAR(2,1)* ALOGT - PAR(3,I)/T)

20 CONTINUE
C
C Landau-Teller reactions
C

DO 25 N = 1, NLAN 
I = ILAN(N)
TFAC = PLT(1,N)/T**(1.0/3.0) + P L T (2,N)/T**(2.0/3.0)
RKF(I) = R K F (I) * EXP(TFAC)

25 CONTINUE
C

CALL CKSMH (T, ICKWRK, RCKWRK, SMH)
DO 50 1 = 1 ,  II 

SUMSMH = 0 . 0  
DO 40 N = 1, MAXSP

IF (NUNK(N,I).NE.0) SUMSMH=SUMSMH+NU(N,I)*SMH(NUNK(N, I))
4 0 CONTINUE

C
E Q K (I) = EXP(MIN(SUMSMH,EXPARG))

50 CONTINUE

T, C, NSPEC, NU, NUNK, NPAR, PAR, NREV, IREV, 
RPAR, NFAL, IFAL, IFOP, KFAL, NFAR, FPAR, NLAN, 
NLAR, ILAN, PLT, NRLT, IRLT, RPLT, NTHB, ITHB, 
NTBS, AIK, NKTB, SMH, RKF, RKR, EQK, CTB)

(RCKWRK, ICKWRK, II, KK, MAXSP, MAXTB, RU, PATM, 
T, C, NSPEC, NU, NUNK, NPAR, PAR, NREV, IREV, 
RPAR, NFAL, IFAL, IFOP, KFAL, NFAR, FPAR, NLAN, 
NLAR, ILAN, PLT, NRLT, IRLT, RPLT, NTHB, ITHB, 
NTBS, AIK, NKTB, SMH, RKF, RKR, EQK, CTB)

355
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c
PFAC = PATM / (RU*T)
DO 60 I = 1, II

NUSUMK ■ N U (1,1)+NU(2,1)+ N U (3,1)+ N U (4,1)+ N U (5,1)+NU (6,1) 
EQK(I) - EQK(I) * PFAC**NUSUMK

C
C RKR=0.0 for irreversible reactions, else RKR=RKF/MAX(EQK,SMALL)
C

RKR (I) «* 0.0
IF (NSPEC(I).GT.O) RKR(I) -RKF(I) / MAX(EQK(I),SMALL)

60 CONTINUE
C
C if reverse parameters have been given:
C

DO 70 N = 1, NREV 
I = IREV(N)
RKR(I) = RPAR(1,N) * EXP(RPAR(2,N)*ALOGT - RPAR(3,N)/T) 
EQK(I) - RKF(I)/RKR(I)

70 CONTINUE
C
C if reverse Landau-Teller parameters have been given:
C

DO 75 N = 1, NRLT 
I = IRLT(N)
TFAC = RPLT(1,N)/T**(1.0/3.0) + RPLT(2,N)/T**(2.0/3.0)
RKR(I) = RKR(I) * EXP(TFAC)
EQK(I) = RKF(I)/RKR(I)

75 CONTINUE
C
C third-body reactions
C

CTOT = 0 . 0  
DO 10 K = 1, KK

CTOT = CTOT + C(K)
10 CONTINUE

C
DO 80 N = 1, NTHB

C T B (ITHB(N)) = CTOT 
DO 80 L = 1, NTBS(N)

CTB(ITHB(N)) = CTB(ITHB(N)) + (AIK(L, N)-1.0)*C(NKTB(L,N)) 
80 CONTINUE

C
C If fall-off (pressure dependence):
C
c W RITE(*,*)' NFAL = 1,NFAL

DO 90 N = 1, NFAL
c WRITE(*,*)'___  IFOP(1,N , 1) = 1,IFOP(N)
C
C CONCENTRATION OF THIRD BODY
C

IF (KFAL(N) .EQ. 0) THEN 
CTHB = CTB(IFAL(N))
CTB(IFAL(N)) = 1 . 0  

ELSE
CTHB = C(KFAL(N))

ENDIF
C

RKLOW = FPAR(1,N ) * EXP(FPAR(2,N)‘ALOGT - FPAR(3,N)/T)
PR = RKLOW*CTHB / RKF(IFAL(N))
PRLOG = LOG10(MAX(PR,SMALL))

C
IF (IFOP(N) .EQ. 1) THEN

C
C LINDEMANN FORM
C

FC = 1.0
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ELSE

IF (IFOP(N) .EQ. 2) THEN 

SRI FORM
XP - 1.0/(1.0 + PRL0G**2)
FC = ((FPAR(4,N)*EXP(-FPAR(5,N)/T) + EXP(-T/FPAR(6,N))) 

**XP) * FPAR(7,N) * T**FPAR(8,N)
ELSE

6-PARAMETER TROE FORM
FCENT » (1.O-FPAR(4,N) ) * EXP(-T/FPAR(5,N))

+ FP A R (4,N) * EXP(-T/FPAR(6,N ) )
7-PARAMETER TROE FORM
IF (IFOP(N) .EQ. 4) FCENT » FCENT + EXP(-FPAR(7,N)/T)

8-PARAMETER EXT-TROE FORM

IF (IFOP(N) .EQ. 5) FCENT = FCENT + E X P (-FPAR(7,N)/T) 
IF (IFOP(N) .EQ. S) PR = PR * (CTHB)* * (FPAR(8(N )-1.0) 

C
IF (IFOP(N) .EQ. 6) THEN

C
C W.Ing 08/01/95
C Now we defined Tmin = 300. (K)
C Tmax = 2500. (K)
C Pmin = 1.0E-03 (ATM)
C Pmax = 1.0E+02 (ATM)
Q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

C * which can be redefined but make sure Cheby's polynomials *
C * refitting with corresponding T & P range. IMPORTANT !!! *
C  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

C
Tmin = 300.
Tmax = 2500.
Pmin = 1.0E-03 
Pmax = 1.0E+02
T_cheb = (2.*(l./T)- (1/Tmin)- (1/Tmax)) /

2 ((1/Tmax)-(1/Tmin))
P_cheb = (2.*dlogl0(PATM)-dloglO(Pmin)- 

2 dloglO(Pmax)) / (dloglO(Pmax)-dloglO(Pmin))
RK_tempLog ■= 0.0 
DO 82 I = 1, FPAR (4 , N)

DO 81 J - 1, FPAR(5,N) 
c write(*,*)RK_tempLog, ((1-1)*M_cheb+J) , X ((I-1)*M_cheb+J) ,
c 2 PhiCh(I,T_cheb),PhiCh(J,P_cheb)

RK_tempLog = RK_tempLog + FPAR((I-1)*
2 FPAR (5,N)+J+5,N)*PhiCh(I,T_cheb)*
3 Phi C h (J, P_cheb)

81 CONTINUE
82 CONTINUE

FC = 10.0**RK_tempLog 
ELSE

FCLOG = LOG10(MAX(FCENT,SMALL))
XN = 0.75 - 1.27*FCLOG 
CPRLOG= PRLOG - (0.4 + 0.67*FCLOG)
FLOG *» FCLOG/(1.0 + (CPRLOG/(XN-0.14*CPRLOG))* * 2) 
FC «* 10 . 0* * FLOG 

ENDIF
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ENDIF
ENDIF
IF (IFOP(N) .EQ. 6) THEN 

RKF(IFAL(N)) “ FC 
RKR(IFAL(N)) - RKF(IFAL(N)) * FC 

ELSE
PCOR - FC * P R / (1.0+PR)
R K F (IFAL(N)) = R K F (IFAL(N)) * PCOR 
RKR(IFAL(N)) * RKR(IFAL(N)) * PCOR 

ENDIF
c WRITE(*,*)'..IFOP = ',IFOP(N),'____ RKF(',N( ') = 1,RKF(N)
c WRITE(*, *) ' . .IFOP ■= ', IFOP (N) , 1____ RKR ( 1 , N, ' ) = ' , RKR (N)

90 CONTINUE
C
C Multiply by the product of reactants and product of products
C PAR(4,I) is a perturbation factor
C

DO 150 1 = 1 ,  II
RKF(I) - RKF(I)*CTB(I)*C(NUNK(1, I))**IABS(NU(1,1))*PAR(4,1)
R K R (I) = RKR(I)*CTB(I)*C(NUNK(4,I))**NU(4,I) *PAR(4,I)
IF (NUNK(2,1) .NE. 0) THEN

R K F (I ) = RKF(I) * C(NUNK(2,1))**IABS(NU(2,I))
IF (NUNK(3,I) .NE. 0)

1 RKF(I) = R K F (I) * C(NUNK(3,1))**IABS(NU(3,1))
ENDIF
IF (NU N K (5,1) .NE. 0) THEN

RKR(I) = RKR(I) * C(NUNK(5,1))**NU(5,1)
IF (NUNK(6,I) .NE. 0) RKR(I) = R K R (I)* C (NUN K (6,1))* * N U (6,1) 

ENDIF 
150 CONTINUE

C
RETURN
END

C

SUBROUTINE CKRATT (RCKWRK, ICKWRK, II, MAXSP, RU, PATM, T, NSPEC,
1 
2 
3

C
C START PROLOGUE 
C
C SUBROUTINE CKRATT 
C 1 
C 2 
C 3 
C
C END PROLOGUE 
C
C*****precision > double

IMPLICIT DOUBLE PRECISION (A-H, O-Z), INTEGER (I-N)
C*****END precision > double 
C*****precision > single
C IMPLICIT REAL (A-H, O-Z), INTEGER (I-N)
C* * * * *END precision > single 
C

DIMENSION RCKWRK(*), ICKWRK(*), NSPEC(*), NU(MAXSP,*),
1 NUNK(MAXSP,*), PAR (NPAR,*), IREV(*), RPAR(NPAR,*),
2 ILAN(*), IRLT(*), PLT(NLAR,*), RPLT(NLAR,*) , S M H (*),
3 RK F T (*), RKRT(*), E Q K (*)

C
COMMON /MACH/ SMALL,BIG,EXPARG

NU, NUNK, NPAR, PAR, NREV, IREV, RPAR, NLAN, 
NLAR, ILAN, PLT, NRLT, IRLT, RPLT, SMH, RKFT, 
RKRT, EQK)

(RCKWRK, ICKWRK, II, MAXSP, RU, PATM, T, NSPEC, 
NU, NUNK, NPAR, PAR, NREV, IREV, RPAR, NLAN, 
NLAR, ILAN, PLT, NRLT, IRLT, RPLT, SMH, RKFT, 
RKRT, EQK)
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c
ALOGT - LOG(T)

C
DO 20 I = 1, II

RKFT(I) - PAR(1,1) * E X P (P A R (2,1)* ALOGT - PAR(3,I)/T)
20 CONTINUE

C
C Landau-Teller reactions
C

DO 25 N » 1, NLAN 
I = ILAN(N)
TFAC = PLT(1,N)/T**(1.0/3.0) + P L T (2,N)/T**(2.0/3.0)
RKFT(I) = RKFT(I) * EXP(TFAC)

25 CONTINUE
C

CALL CKSMH (T, ICKWRK, RCKWRK, SMH)
DO 50 I = 1, II 

SUMSMH = 0 . 0  
DO 40 N = 1, MAXSP

IF (NUNK(N,I).NE.0) SUMSMH=SUMSMH+NU(N, I)*SMH(NUNK(N,I))
40 CONTINUE

EQK(I) = EXP(MIN(SUMSMH,EXPARG))
50 CONTINUE

C
PFAC = PATM / (RU*T)
DO 60 I = 1, II

NUSUMK = N U (1,1)+ N U (2,1)+ N U (3,1)+ N U (4,1)+ N U (5,1)+ N U (6,1)
EQK(I) = EQK(I) * PFAC**NUSUMK

C
C RKRT=0.0 for irreversible reactions, else RKRT=RKFT/MAX(EQK,SMALL) 
C

RKRT(I) = 0 . 0
IF (NSPEC(I).GT.0) RKRT(I) = RKFT(I ) / MAX(EQK(I),SMALL)

60 CONTINUE
C
C if reverse parameters have been given:
C

DO 70 N = 1, NREV 
I = IREV(N)
R KR T (I) = RPAR(1,N) * EXP(RPAR(2,N)*ALOGT - RPAR(3,N)/T)
EQK(I) = RKFT(I)/RKRT(I)

70 CONTINUE
C
C if reverse Landau-Teller parameters have been given:
C

DO 75 N = 1, NRLT 
I = IRLT(N)
TFAC = RPLT(1,N)/T**(1.0/3.0) + RPLT(2,N)/T**(2.0/3.0)
RK R T (I) = RKRT(I) * EXP(TFAC)
EQK(I) = RKFT(I)/RKRT(I)

75 CONTINUE
C

DO 80 I = 1, II
RKFT(I) = RKFT(I) * PAR(4,I)
RKRT(I) = RKRT(I) * PAR(4,I)

80 CONTINUE
C

RETURN
END

SUBROUTINE CKRATX (II, KK, MAXSP, MAXTB, T, C, NSPEC, NU, NUNK,
1 NFAL, IFAL, IFOP, KFAL, NFAR, FPAR, NTHB, ITHB,
2 NTBS, AIK, NKTB, RKFT, RKRT, RKF, RKR, CTB,
3 PATM)
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START PROLOGUE

SUBROUTINE CKRATX (II, KK, MAXSP, MAXTB, T, C, NSPEC, NU, NUNK,
1 NFAL, IFAL, IFOP, KFAL, NFAR, FPAR, NTHB, ITHB,
2 NTBS, AIK, NKTB, RKFT, RKRT, RKF, RKR, CTB)
END PROLOGUE

*****precision > double
IMPLICIT DOUBLE PRECISION (A-H, O-Z), INTEGER (I-N)

*****END precision > double 
*****precision > single

IMPLICIT REAL (A-H, O-Z), INTEGER (I-N)
*****END precision > single

DIMENSION C(*), NSPEC(*), NU(MAXSP,+), NUNK(MAXSP,*),
1 IFAL(*), IFOP(*), KFAL(*) , FPAR(NFAR,*), ITHB(*),
2 N T B S (*), AIK(MAXTB,*), NKTB(MAXTB,*), RKFT(*),
3 RKRT(*), R K F (*), R K R (*), CTB(*)
COMMON /MACH/ SMALL,BIG,EXPARG
DO 20 I = 1, II 

CTB(I) = 1.0 
RKF(I) = RKFT(I)
RKR(I) = RKRT(I)

20 CONTINUE

third-body reactions
CTOT = 0 . 0  
DO 10 K = 1, KK

CTOT = CTOT + C(K)
10 CONTINUE

DO 80 N = 1, NTHB
CTB(ITHB(N)) = CTOT 
DO 80 L = 1, NTBS(N)

CTB(ITHB(N)) = CTB(ITHB(N)) + (AIK(L,N)-1.0)*C(NKTB(L,N)) 
80 CONTINUE

If fall-off (pressure correction):

ALOGT = LOG(T)

DO 90 N = 1, NFAL

WRITE(*,*)' IFOP(',N , ') = 1,IFOP(N)
RKLOW = FPAR(1,N) * EXP(FPAR(2,N)*ALOGT - FPAR(3,N)/T)
WRITE(*,*) ' RKLOW = ', RKLOW

CONCENTRATION OF THIRD BODY
IF (KFAL(N) .EQ. 0) THEN

PR = RKLOW * CTB(IFAL(N)) / RKF(IFAL(N))
C T B (IFAL(N)) = 1 . 0  

ELSE
PR = RKLOW * C(KFAL(N)) / RKF(IFAL(N))

ENDIF
PCOR = PR / (1.0 + PR)

C
IF (IFOP(N) .GT. 1) THEN

PRLOG = LOG10(MAX(PR,SMALL))
C
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IF (IFOP(N) .EQ. 2) THEN
C
C 8-PARAMETER SRI FORM
C

XP - 1.0/(1.0 + PRLOG**2)
FC » ( (FPAR (4, N) *EXP (-FPAR (5, N) /T) + EXP (-T/FPAR (6, N) ) ) 

1 **XP) * FPAR(7,N ) * T**FPAR(8,N)
C

ELSE
C
C 6-PARAMETER TROE FORM
C
C W R I T E (*,*)' BEFORE EXP’

IF (IFOP(N).NE.6) FCENT = (1.0-FPAR(4,N )) *
1 EXP(-T/FPAR(5,N)) + FPAR(4,N) * EXP(-T/FPAR(6,N) )

C WRITE(*,*)' FCENT ■* FCENT
C
C 7-PARAMETER TROE FORM
C

IF (IFOP(N) .EQ. 4) FCENT = FCENT + EXP(-FPAR(7,N)/T)
C
C W.ING 07/11/95 
C
C 8-PARAMETER EXT-TROE FORM
C

IF (IFOP(N) .EQ. 5) FCENT = FCENT + EXP(-FPAR(7,N)/T)
IF (IFOP(N) .EQ. 5) PR = PR * (CTHB)* * (FPAR(8,N)-1.0)

C
IF (IFOP(N) .EQ. 6) THEN

C
C W.Ing 08/01/95
C Now we defined Tmin = 300. (K)
C Tmax = 2500. (K)
C Pmin = 1.0E-03 (ATM)
C Pmax = 1.0E+02 (ATM)
Q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

C * which can be redefined but make sure Cheby's polynomials *
C * refitting with corresponding T fi P range. IMPORTANT !!! *
Q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C

Tmin = 300.
Tmax = 2500.
Pmin = 1.0E-03 
Pmax = 1.0E+02
P = CTOT * 8.314E+07 * T / 1.01325E6 
T_cheb = (2.*(1./T)- (1/Tmin)- (1/Tmax)) /

2 ((1/Tmax)- (1/Tmin))
P_cheb = (2.*dlogl0(P)-dloglO(Pmin)- 

2 dloglO(Pmax)) / (dloglO(Pmax)-dloglO(Pmin))
C WRITE (*,*)' T = 1,T, 1 T_cheb = \T_cheb
C WRITE (*, *) 1 P *= ',P, ' P_cheb = ',P_cheb

RK_tempLog = 0.0 
DO 82 I = 1, FPAR (4, N)

DO 81 J - 1, FPAR(5,N)
C write(*, *)RK_tempLog, ((1-1) *M_cheb+J),X ((1-1)*M_cheb+J),
C 2 PhiCh(I,T_cheb) , PhiCh(J,P_cheb)

RK_tempLog •= RK_tempLog + FPAR((I-1)*
2 FPAR(5,N)+J+5,N)*PhiCh(I,T_cheb)*
3 PhiCh(J, P_cheb)

81 CONTINUE
82 CONTINUE
C WRITE(*,*)'...RKJTEMPLOG = ',RK_tempLog

FC = 10.0* *RK_tempLog 
C WRITE (*,*) ' . . .FC = ' ,FC

ELSE
C FCLOG - LOG10(MAX(FCENT, SMALL))



362

XN = 0 . 7 5  -  1 . 27*FCLOG 
CPRLOG- PRLOG -  ( 0 . 4  + 0.67*FCLOG)
FLOG -  FCLOG/( 1 . 0  + (CPRLOG/(XN-0. 1 4 *CPRLOG))* * 2 )
FC = 1 0 . 0**FLOG 

ENDIF 
ENDIF 

ENDIF
I F  ( IFOP(N)  .EQ. 6) THEN 

RKF( IFAL(N) )  -  FC
C WRITE(* » * ) '  RKR -  RKR ( IFAL (N) ) , '  RKFT = 1, R KF T( IF AL (N ) )

RKR(IFAL(N) ) = RKR( I FAL(N ) ) * FC /  RKFT( I F A L ( N ) )
ELSE

I F  ( IFOP(N) .GT.  1) PCOR = FC * PCOR 
RKF( IFAL(N))  = R KF ( IF A L (N ) ) * PCOR 
RKR(IFAL(N) ) = RKR ( IFA L(N ) ) * PCOR 

ENDIF
c  WRITE( * , * ) ' . . IFOP  = ' , IFOP(N)  , '  RKF( ' ,  IF A L ( N ) , ' )  =
c  2 R KF ( IF A L (N ) )
c  WRITE( * , * ) ' . . IFOP  -  ' , I F O P ( N ) , 1 RKR( ' , IFAL(N)
c 2 RKR ( IFAL (N) )

90 CONTINUE
C
CC FCLOG = LOG10 (MAX (FCENT, SMALL) )
C XN = 0 . 7 5  -  1 . 27*FCLOG
C CPRLOG= PRLOG -  ( 0 . 4  + 0.67*FCLOG)
C FLOG = FCLOG/( 1 . 0  + (CPRLOG/(XN-0. 14*CPRLOG)) * * 2 )
C FC = 1 0 . 0**FLOG
C ENDIF
C PCOR = FC * PCOR
C ENDIF
C
C RKF (IFAL (N) ) ■= RKF ( I  FAL (N) ) * PCOR
C RKR ( IFAL (N) ) = RKR( IFAL (N) ) * PCOR
C 90 CONTINUE 
C
C M u l t i p l y  b y  t h e  p r o d u c t  o f  r e a c t a n t s  a n d  p r o d u c t  o f  p r o d u c t s  
C

DO 150  1 = 1 ,  I I
RKF( I ) = R K F ( I ) * C T B ( I ) *C(NUNK( 1 , 1 ) ) **IABS(NU( 1 , 1 ) )
RKR(I )  = R KR ( I ) * C T B ( I ) *C(NUNK( 4 , I ) ) **NU( 4 , 1 )
I F  (NUNK( 2 , I ) .NE.  0) THEN

R K F ( I ) = RKF(I ) * C(NUNK( 2 , 1 ) ) * *IABS(NU( 2 , I ))
I F  (NUNK( 3 , 1 )  .NE.  0)

1 RKF(I ) = RKF( I ) * C ( N U N K ( 3 , I ) ) * * I A B S ( N U ( 3 , I ) )
ENDIF
I F  (NUNK( 5 , 1 )  .NE.  0) THEN

R K R (I ) = RKR(I)  * C(NUNK( 5 , I ) ) **NU( 5 , 1 )
I F  (NUNK( 6 , 1 )  .NE.  0)

1 RKR(I )  = RKR(I)  * C(NUNK( 6 , 1 ) ) * *NU( 6 , 1 )
ENDIF 

150 CONTINUE
C

RETURN
END



D.6 MECHCVT

PROGRAM MECHCVT 
C
c ---------------------------------------------------------------------------------------------------------------
c****************changed w . I n g  06-15-94, 08-01-95**********************
C
C MDIM = maximum n u m b e r  o f  e l e m e n t s  i n  a  p r o b l e m ;  (20)
C KDIM •» maximum n u m b e r  o f  s p e c i e s  i n  a  p r o b l e m ;  (500)
C MAXTP= maximum nu m b er  o f  t e m p e r a t u r e s  u s e d  t o  f i t  (3)
C t h e r m o d y n a m i c  p r o p e r t i e s  o f  s p e c i e s
C NPC = n u m b e r  o f  p o l y n o m i a l  c o e f f i c i e n t s  t o  f i t s  (5)
C NPCP2= n u m b e r  o f  f i t  c o e f f i c i e n t s  f o r  a t e m p e r a t u r e  r a n g e  (7)
C IDIM = maximum nu m b er  o f  r e a c t i o n s  i n  a m e c h a n i s m ;  (1500 )
C NPAR = nu m b er  o f  A r r h e n i u s  p a r a m e t e r s  i n  a r e a c t i o n ;  (3)
C NLAR = n u m b e r  o f  L a n d a u - T e l l e r  p a r a m e t e r s  i n  a  r e a c t i o n ;  (2)
C NFAR = nu m b er  o f  f a l l - o f f  p a r a m e t e r s  i n  a  r e a c t i o n ;  (66)
C MAXSP= maximum n u m b e r  o f  s p e c i e s  i n  a r e a c t i o n  (6)
C MAXTB= maximum nu m b er  o f  t h i r d  b o d i e s  f o r  a r e a c t i o n  (10)
C LSYM = c h a r a c t e r  s t r i n g  l e n g t h  o f  e l e m e n t  a n d  s p e c i e s  nam es  (16)
C
C U s e r  i n p u t  i s  r e a d  f r o m  LIN ( U n i t l 5 ) ,  a  t h e r m o d y n a m i c  d a t a b a s e
C i s  r e a d  f r o m  LTHRM ( U n i t l 7 ) , p r i n t e d  o u t p u t  i s  a s s i g n e d  t o  LOUT
C ( U n i t l 6 ) , a nd  b i n a r y  l i n k i n g  d a t a  i s  w r i t t e n  t o  LINC ( U n i t 2 5 ) .
C
C REQUIRED ELEMENT INPUT: ( S u b r o u t i n e  CKCHAR) (DIMENSION)
C
C The  w o rd  'ELEMENTS' f o l l o w e d  b y  a l i s t  o f  e l e m e n t
C n a m e s ,  t e r m i n a t e d  by  t h e  w or d  'E N D ' ;
C
C The  r e s u l t i n g  e l e m e n t  d a t a  s t o r e d  i n  LINK i s :
C MM -  i n t e g e r  n u m b e r  o f  e l e m e n t s  f o u n d
C ENAME(*) -  CHARACTER*(*) a r r a y  o f  e l e m e n t  nam es  (MDIM)
C AWT(*) -  r e a l  a r r a y  o f  a t o m i c  w e i g h t s ;  (MDIM)
C d e f a u l t  a t o m i c  w e i g h t s  a r e  t h o s e  on
C a t o m i c  w e i g h t  c h a r t s ;  i f  a n  e l e m e n t
C i s  n o t  on  t h e  p e r i o d i c  c h a r t ,  o r  i f
C i t  i s  d e s i r a b l e  t o  a l t e r  i t s  a t o m i c
C w e i g h t ,  t h i s  v a l u e  m u s t  b e  i n c l u d e d
C a f t e r  t h e  e l e m e n t  name ,  e n c l o s e d  by
C s l a s h e d ,  i . e . ,  D / 2 . 0 1 4 /
C
C REQUIRED SPECIES INPUT: ( S u b r o u t i n e  CKCHAR)
C
C The  w o rd  ' SPECIES '  f o l l o w e d  b y  a  l i s t  o f  s p e c i e s
C n a m e s ,  t e r m i n a t e d  b y  t h e  w o rd  'EN D ' ;
C
C The  r e s u l t i n g  s p e c i e s  d a t a  s t o r e d  i n  LINK i s :
C KK -  i n t e g e r  n u m b e r  o f  s p e c i e s  f o u n d
C KNAME(*) -  CHARACTER*(*)  a r r a y  o f  s p e c i e s  na m e s  (KDIM)
C
C OPTIONAL THERMODYNAMIC DATA: ( S u b r o u t i n e  CKTHRM)
C ( I f  t h i s  f e a t u r e  i s  n o t  u s e d ,  t h e r m o d y n a m i c  p r o p e r t i e s  a r e
C o b t a i n e d  f r o m  a CHEMKIN d a t a b a s e . )  The  f o r m a t  f o r  t h i s  o p t i o n
C i s  t h e  w o rd  'THERMO' f o l l o w e d  b y  a n y  n um b er  o f  4 - l i n e  d a t a  s e t s :
C
C L i n e  1:  s p e c i e s  name ,  o p t i o n a l  co mm en t s ,  e l e m e n t a l  c o m p o s i t i o n ,
C p h a s e ,  T ( l o w ) ,  T ( h i g h ) ,  T ( m i d ) ,  a d d i t i o n a l  e l e m e n t a l
C c o m p o s i t i o n ,  c a r d  n u m b e r  ( c o l .  8 0 ) ;
C f o r m a t ( A 1 0 , A 1 4 , 4 (A2, 1 3 ) , A l , E 1 0 . 0 , E 1 0 . 0 , E 8 . 0 , (A2, 1 3 ) , I 1)
C L i n e  2 :  c o e f f i c i e n t s  a ( l - - 5 )  f o r  u p p e r  t e m p e r a t u r e  r a n g e ,
C c a r d  nu mbe r  ( c o l .  8 0 ) ;
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f o r m a t ( 5 ( e l 5 . 0 ) , I I )
L i n e  3 :  c o e f f i c i e n t s  a (6 — 7) f o r  u p p e r  t e m p e r a t u r e  r a n g e ,

c o e f f i c i e n t s  a ( l — 3) f o r  l o w e r  t e m p e r a t u r e  r a n g e ,
c a r d  n u m b e r  ( c o l .  8 0 ) ;  
f o r m a t ( 5 ( e l 5 . 0 )  , 1 1 )

C L i n e  4 :  c o e f f i c i e n t s  a (4— 7) f o r  l o w e r  t e m p e r a t u r e  r a n g e ,
C c a r d  n u m b e r  ( c o l .  8 0 ) ;
C f o r m a t ( 4 ( e l 5 . 0 ) , I I )
C
C End  o f  THERMO d a t a  i s  i n d i c a t e d  b y  'END'  l i n e  o r  new  k e y w o r d .
C
C The  r e s u l t i n g  t h e r m o d y n a m i c  d a t a  s t o r e d  i n  LINK a r e :
C WTM(*) -  r e a l  a r r a y  o f  m o l e c u l a r  w e i g h t s  (KDIM)
C KNCF( * , * ) -  i n t e g e r  c o m p o s i t i o n  o f  s p e c i e s  (MDIM,KDIM)
C KPHSE(*) -  i n t e g e r  p h a s e  o f  a  s p e c i e s ;  (KDIM)
C - 1 ( s o l i d ) ,  0 ( g a s ) ,  + 1 ( l i q u i d ) .
C KCHRG(*) -  i o n i c  c h a r g e  o f  a  s p e c i e s ;  (KDIM)
C = 0  e x c e p t  i n  p r e s e n c e / a b s e n c e  o f  e l e c t r o n s
C = +n  i n  a b s e n c e  o f  n  e l e c t r o n s
C = - n  i n  p r e s e n c e  o f  n  e l e c t o n s
C NCHRG -  i n t e g e r  n u m b e r  o f  s p e c i e s  w i t h  KCHRGO0
C NT(*) -  a r r a y  o f  n u m b e r  o f  t e m p e r a t u r e s  u s e d  (KDIM)
C i n  f i t s
C T ( * , * )  -  a r r a y  o f  t e m p e r a t u r e s  u s e d  i n  f i t s  (MAXTP,KDIM)
C A (N ,L , K )  -  T h e r m o d y n a m ic  p r o p e r t i e s  f o r  (NPC+2, NTR,KDIM)
C s p e c i e s  K c o n s i s t s  o f  p o l y n o m i a l
C c o e f f i c i e n t s  f o r  f i t s  t o
C CP/R = SUM ( A ( N , L , K ) ‘ T e m p e r a t u r e * * ( N - l ) , N=l ,NPC+2)
C w h e r e  T (L ,K)  <= T e m p e r a t u r e  < T ( L + 1 , K ) ,
C a n d ,
C N=NPC+1 i s  f o r m a t i o n  e n t h a l p y  HO/R = A ( N P C + 1 , L , K ) ,
C N=NPC+2 i s  f o r m a t i o n  e n t r o p y  SO/R = A(NPC+2 ,L ,K)
C
C OPTIONAL REACTION INPUT:
C R e a c t i o n  d a t a  i s  i n p u t  a f t e r  a l l  ELEMENT, SPECIES a n d  THERMO
C d a t a  i n  t h e  f o l l o w i n g  f o r m a t :
C
C 1) ( S u b r o u t i n e  CKREAC)
C The  f i r s t  l i n e  c o n t a i n s  t h e  k e y w o rd  'REACTIONS'  a n d  an
C o p t i o n a l  d e s c r i p t i o n  o f  u n i t s :
C
C 'MOLES' -  ( d e f a u l t ) ,  p r e - e x p o n e n t i a l  u n i t s  a r e  m o l e s - s e c - K ;
C 'MOLECULES' -  p r e - e x p o n e n t i a l  u n i t s  a r e  m o l e c u l e s  a n d
C w i l l  b e  c o n v e r t e d  t o  m o l e s .
C 'KELVINS'  -  a c t i v a t i o n  e n e r g i e s  a r e  K e l v i n s ,  e l s e  t h e
C a c t i v a t i o n  e n e r g i e s  a r e  c o n v e r t e d  t o  K e l v i n s ;
C 'CAL/MOLE'  -  ( d e f a u l t ) ,  a c t i v a t i o n  e n e r g i e s  a r e  c a l / m o l e ;
C 'KCAL/MOLE' -  a c t i v a t i o n  e n e r g i e s  a r e  K c a l / m o l e ;
C ' JOULES/MOLE'  -  a c t i v a t i o n  e n e r g i e s  a r e  j o u l e s / m o l e ;
C ' KJOULES/MOLE' -  a c t i v a t i o n  e n e r g i e s  a r e  K j o u l e s / m o l e .
C
C A d e s c r i p t i o n  o f  e a c h  r e a c t i o n  i s  e x p e c t e d  t o  f o l l o w .
C R e q u i r e d  f o r m a t  f o r  a  r e a c t i o n  i s  a  l i s t  o f  ' + ' - d e l i m i t e d
C r e a c t a n t s ,  f o l l o w e d  b y  a  l i s t  o f  ' + ' - d e l i m i t e d  r e a c t a n t s ,
C e a c h  p r e c e d e d  b y  i t s  s t o i c h i o m e t r i c  c o e f f i c i e n t  i f  g r e a t e r
C t h a n  1 ;  s e p a r a t i n g  t h e  r e a c t a n t s  f r o m  t h e  p r o d u c t s  i s  a ' = '
C i f  r e v e r s i b l e  r e a c t i o n ,  e l s e  a  ' = > ' .  F o l l o w i n g  t h e  r e a c t i o n
C s t r i n g  on  t h e  same  l i n e  a r e  t h e  s p a c e - d e l i m i t e d  A r r h e n i u s
C c o e f f i c i e n t s .
C
C I f  t h e  r e a c t i o n  c o n t a i n s  a  t h i r d  b o d y ,  t h i s  i s  i n d i c a t e d  by
C b y  t h e  p r e s e n c e  o f  a n  'M'  a s  a  r e a c t a n t  o r  p r o d u c t  o r  b o t h ,
C a n d  e n h a n c e m e n t  f a c t o r s  f o r  t h i r d - b o d i e s  may b e  d e f i n e d  on
C a d d i t i o n a l  l i n e s  a s  d e s c r i b e d  i n  ( 2 ) .
c
C I f  t h e  r e a c t i o n  c o n t a i n s  a  r a d i a t i o n  w a v e l e n g t h ,  t h i s  i s
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C i n d i c a t e d  b y  t h e  p r e s e n c e  o f  a n  'HV'  e i t h e r  a s  a  r e a c t a n t
C o r  a s  a  p r o d u c t .  U n l e s s  o t h e r w i s e  d e f i n e d  on  a d d i t i o n a l
C l i n e s  a s  d e s c r i b e d  i n  ( 2 ) ,  t h e  v a l u e  o f  t h e  w a v e l e n g t h  i s
C - 1 . 0  i f  a  r e a c t a n t  o r  + 1 . 0  i f  a  p r o d u c t .
C
C I f  t h e  r e a c t i o n  i s  a  f a l l - o f f  r e a c t i o n ,  t h i s  i s  i n d i c a t e d
C e i t h e r  b y  a  ' (+M) ' o r  a  ' (+KNAME(K)) a n d  t h e r e  m u s t  b e
C a d d i t i o n a l  l i n e s  a s  d e s c r i b e d  i n  (2) t o  d e f i n e  f a l l - o f f
C p a r a m e t e r s .
C
C 2) ( S u b r o u t i n e  CKAUXL)
C A d d i t i o n a l  i n f o r m a t i o n  f o r  a  r e a c t i o n  i s  g i v e n  o n  l i n e s
C i m m e d i a t e l y  f o l l o w i n g  t h e  r e a c t i o n  d e s c r i p t i o n ;  t h i s  d a t a
C w i l l  c o n s i s t  o f  a  ' k e y w o r d '  t o  d e n o t e  t h e  t y p e  o f  d a t a ,
C f o l l o w e d  b y  a  ' / ' ,  t h e n  t h e  r e q u i r e d  p a r a m e t e r s  f o r  t h e
C k ey w o r d ,  f o l l o w e d  b y  a n o t h e r  ' / ' .  T h e r e  may b e  m o r e  t h a n
C o n e  k e y w o r d  p e r  l i n e ,  a n d  t h e r e  may b e  a n y  n u m b e r  o f  l i n e s .
C Th e  k e y w o r d s  a n d  r e q u i r e d  p a r a m e t e r s  a r e  a s  f o l l o w s :
C
C K N A M E ( K ) / e f f i c i e n c y  v a l u e /  -  s p e c i e s  (K) i s  a n  e n h a n c e d
C t h i r d  b o d y  i n  t h e  r e a c t i o n
C H V / w a v e l e n g t h /  -  r a d i a t i o n  w a v e l e n g t h  p a r a m e t e r
C L T / v a l l  v a l 2 /  -  L a n d a u - T e l l e r  c o e f f i c i e n t s
C L O W /v a l l  v a l 2  v a l 3 /  -  l o w  f a l l - o f f  p a r a m e t e r s
C T R O E / v a l l  v a l 2  v a l 3  v a l 4 /  -  T r o e  f a l l - o f f  p a r a m e t e r s ;
C i f  v a l 4  i s  o m i t t e d ,  a  d e f a u l t
C p a r a m e t e r  w i l l  b e  u s e d
C
C ADDED W.ING,  0 6 / 1 5 / 9 5 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C
C EXT ROE /va l l  v a l 2  v a l 3  v a l 4  v a l 5 /  -
C E x t e n d e d  T r o e  f a l l - o f f  p a r a m e t e r s ;
C
C v a l l - v a l 4  = T r o e  p a r a m e t e r s
C v a l 5  «= w e l l  0 ( f o r  c a l .  e x t  r e d u c e d
C p r e s s u r e )
C

c
C S R I / v a l l  v a l 2  v a l 3  v a l 4 /  -  SRI f a l l - o f f  p a r a m e t e r s ;
C i f  v a l 4  i s  o m i t t e d ,  a d e f a u l t
C p a r a m e t e r  w i l l  b e  u s e d
C ( i t  i s  a n  e r r o r  t o  h a v e  b o t h  LT a n d  F a l l - o f f  d e f i n e d )
C R E V / p a r l  p a r 2  p a r 3 /  -  r e v e r s e  p a r a m e t e r s  g i v e n
C R L T / v a l l  v a l 2 /  -  L a n d a u - T e l l e r  c o e f f i c i e n t s  f o r  r e v e r s e
C ( i t  i s  a n  e r r o r  i f  REV g i v e n  and  n o t  RLT)
C
C The  e n d  o f  a l l  r e a c t i o n  d a t a  i s  i n d i c a t e d  b y  a n  'END'  c a r d  o r
C < e o f > .
C
C R e s u l t i n g  r e a c t i o n  d a t a  s t o r e d  i n  LINC a r e :
C I I  -  i n t e g e r  n u m b e r  o f  r e a c t i o n s  f o u n d
C P A R ( * ,* )  -  a r r a y  o f  r e a l  A r r h e n i u s  c o e f f i c i e n t s  (NPAR, IDIM)
C NSPEC(*) -  t o t a l  n u m b e r  o f  s p e c i e s  i n  a  r e a c t i o n  (IDIM)
C i f  NSPEC < 0 ,  r e a c t i o n  i s  i r r e v e r s i b l e
C NREAC(*) -  n u m b e r  o f  r e a c t a n t s  o n l y  (IDIM)
C NUNK( * , * )  -  a r r a y  o f  s p e c i e s  n u m b e r s  f o r  r e a c t i o n  (MAXSP,IDIM)
C NU( * , * )  -  a r r a y  o f  s t o i c h i o m e t r i c  c o e f f i c i e n t s  (MAXSP,IDIM)
C o f  s p e c i e s  i n  a  r e a c t i o n ,  n e g a t i v e = r e a c t a n t ,
C p o s i t i v e = p r o d u c t
C
C NWL -  n u m b e r  o f  r e a c t i o n s  w i t h  r a d i a t i o n  w a v e l e n g t h
C IWL(*)  -  i n t e g e r  r e a c t i o n  n u m b e r s  (IDIM)
C WL(*) -  r e a l  r a d i a t i o n  w a v e l e n g t h s  (IDIM)
C
C NTHB -  n u m b e r  o f  r e a c t i o n s  w i t h  t h i r d  b o d i e s
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c ITHB
c NTBS (*)
c NKTB(*,
c A I K ( * , *
c
c NFAL
c IFAL(*)
c KFAL(*)
c
c
c IFOP (*)
c
c
c
c
c
c
c PFAL(*,
c
c NLAN
c ILAN
c PLAN
c
c NREV
c IREV(*)
c RPAR(*,
c
c NRLT
c
c IRLT(*)
c RLAN( * , '
c
c ------

-  i n t e g e r  r e a c t i o n  n u m b e r s  (IDIM)
-  t o t a l  n u m b e r  o f  e n h a n c e d  s p e c i e s  f o r  NTHB (IDIM)
-  s p e c i e s  n u m b e r s  o f  e n h a n c e d  s p e c i e s  (MAXTB,IDIM)
-  e n h a n c e m e n t  f a c t o r s  (MAXTB,IDIM)

n u m b e r  o f  f a l l - o f f  r e a c t i o n s  
i n t e g e r  r e a c t i o n  n u m b e r s  
i n t e g e r  s p e c i e s  n u m b e r  f o r  w h i c h  
c o n c e n t r a t i o n s  a r e  a  f a c t o r  i n  f a l l - o f f  
c a l c u l a t i o n
i n t e g e r  f a l l - o f f  t y p e  n u m b e r  
*  0 i f  f a l l - o f f  r e a c t i o n  i s  f o u n d  
“  1 f o r  L in d e m a n n  f o r m  
“  2 f o r  6 - p a r a m e t e r  T r o e  f o r m  
m  3 f o r  7 - p a r a m e t e r  T r o e  f o r m  
= 4 f o r  SRI f o r m
■* 5 f o r  8 - p a r a m e t e r  E x t e n d e d  T r o e  f o r m

(IDIM)

(IDIM)

(NFAR,IDIM)

(IDIM) 
(NLAR,IDIM)

C*** 
C* * *
c
c*  * *
c
c
c
c
c
c
c

c
c
c
c
c
c
c
c
c
c
c

f a l l - o f f  p a r a m e t e r s

n u m b e r  o f  r e a c t i o n s  w i t h  L a n d a u - T e l l e r  
i n t e g e r  r e a c t i o n  n u m b e r s  
L a n d a u - T e l l e r  p a r a m e t e r s

n u m b e r  o f  r e a c t i o n s  w i t h  r e v e r s e  p a r a m e t e r s  
i n t e g e r  r e a c t i o n  n u m b e r s  (IDIM)
p a r a m e t e r s  (NPAR,IDIM)

n u m b e r  o f  r e a c t i o n s  w i t h  r e v e r s e  p a r a m e t e r s  
a n d  L a n d a u - T e l l e r  p a r a m e t e r s
i n t e g e r  r e a c t i o n  n u m b e r s  (IDIM)
r e v e r s e  T e l l e r - L a u d a u e r  p a r a m e t e r s  (NLAR,IDIM)

> d o u b l e
IMPLICIT DOUBLE PRECISION ( A - H , O - Z ) ,  INTEGER ( I - N)

**END p r e c i s i o n  > d o u b l e  
* * p r e c i s i o n  > s i n g l e

IMPLICIT REAL (A -H ,O -Z ) ,  INTEGER ( I -N )
**END p r e c i s i o n  > s i n g l e

PARAMETER (MDIM=20, KDIM=500, MKDIM=MDIM*KDIM, IDIM=1500 ,  LSYM=16,
1 NPAR=3, NPIDIM=IDIM*NPAR, NPC=5, NPCP2=NPC+2,  MAXTP=3,
2 NTR=MAXTP-1, NKTDIM=NTR*NPCP2*KDIM, MAXSP=6, MAXTB=10,
3 NLAR=2, NSIDIM=MAXSP*IDIM, NTIDIM=MAXTB*IDIM,
4 NLIDIM=NLAR*IDIM, NFAR=70, NFIDIM=NFAR*IDIM,
5 NTDIM=KDIM*MAXTP, NIDIM=9*IDIM)
PARAMETER (LIN=5,  L0UT=6,

6 L0G=15,  LINC=25)

CHARACTER SUB( 1 2 0 ) * 1 2 0 , SUB_CH( 1 2 0 ) *  1 2 0 , RSTR*120 ,  RSTR_CH*120 ,
1 KEY( 5 ) * 4 ,  L INE*100 ,
2 UPCASE*4,  FILE_LOG*20,
3 L I N E 1 * 1 2 0 , L I N E 2 * 1 2 0 , L I N E 3 * 1 2 0 , LINE_CH*120

DIMENSION AWT(MDIM), KNCF(MDIM, KDIM), WTM(KDIM), KPHSE(KDIM) ,
1 KCHRG(KDIM), A(NPCP2 ,NTR,KDIM) , T(MAXTP,KDIM), NT(KDIM),
2 NSPEC(IDIM) ,  NREAC(IDIM), NU(MAXSP, IDIM) ,
3 NUNK(MAXSP,IDIM) , PAR(NPAR, IDIM) , IDUP ( I D I M ) , IREV( ID IM ) ,
4 RPAR(NPAR,IDIM), ILAN( IDIM) ,  PLAN(NLAR,IDIM),
5 I R L T ( I D I M ) , RLAN(NLAR,IDIM), IWL(IDIM) ,  WL( IDIM) ,
6 IF A L ( I D IM ) ,  IF O P ( I D IM ) ,  KFAL(IDIM),  PFAL(NFAR, IDIM) ,
7 IT H B ( ID I M ) , NTBS(IDIM), AIK(MAXTB,IDIM) , NKTB(MAXTB,IDIM) 

DIMENSION VALUE(5)

REAL*8 T_LOW,T_HIGH,PHICH,T,  P , K _ f i t , I n K , T _ c h e b ,  P _ c h e b  
CHARACTER*100  ISTR,  IREAC, IPROD, ISPEC,  INAME, ITEMP
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DIMENSION CHEB( 7 0 ) , T ( 5 1 ) , RK (5 1 ) , l n K ( 5 1 ) , PAR(3)
C CHARACTER*80 ISTR,  IREAC, IPROD, ISPEC,  INAME, ITEMP

LOGICAL KERR, M_PPP,  COMM 
CHARACTER FIL E_IN *20 ,F ILE _OUT *20  
COMMON/FILE_IO/FILE_IN,FILEJDUT 

C , THERMO, ITHRM(KDIM)
C
C I n i t i a l i z e  v a r i a b l e s
C
C DATA K EY/ 'E LEM ' , ' S P E C ' , 'T H E R ' , ' REAC' , ' E N D ' /
C , K ERR / .FA LSE . /
C 1 ITASK,NCHRG,MM,KK,II ,NLAN,NFAL, NTHB,NREV,NRLT, N WL /11*0 / ,
C 2 ENAME,AWT/MDIM*' ' , M D I M * 0 . 0 / ,  THERMO/. TRUE. / ,
C 3 T /N TDIM *-1 . 0 / ,  KNAME,WTM,NT, KPHSE,KCHRG,ITHRM
C 4 /KDIM*'  ' ,  KDIM*0. 0 ,  KDIM*3, KDIM*0, KDIM*0, KDIM*. FALSE. / ,
C 5 WL,IFOP ,NTBS,IDUP  / I D I M * 0 . 0 ,  I D IM *- 1 ,  IDIM*0 ,  ID IM * 0 / ,
C 6 NSPEC,NREAC,IREV, ILAN,IRLT,  IWL, IFAL,KFAL, ITHB/NIDIM*0 /
C
C DATA NUNK,NU/NSIDIM*0,  NSIDIM*0/ ,  NKTB,AIK/NTIDIM*0,  N TI D IM * -1 . 0 /
C DATA PAR,RPAR/NPIDIM*0 . 0 ,  N P ID I M * 0 .0 /
C DATA PLAN, RLAN/NLIDIM*0. 0 ,  N L I D IM * 0 . 0 /
C DATA PFAL/NFIDIM*0. 0 / ,  KNCF/MKDIM*0 . 0 / ,  A/NKTDIM*0 . 0 /
c  c
C
C
C ADD FILEIO SUBROUTINE 0 2 / 9 4  ING
C

CALL FILEIO_CVT 
FILE_LOG = 'MECHCVT.LOG'
OPEN(UNIT=15, FILE=FILE_LOG,STATUS=' UNKNOWN1, FORM=' FORMATTED' )

5 WRITE( * , 6 )
6 FORMAT!' E n t e r  PRESSURE (a tm)  f o r  o u t p u t  m e c h a n i s m  : ' )

READ( * , * ) P
I F  ( P .L E . 1 E 2  .OR.  P . G E . 1 E - 3 )  GO TO 8 
I F  (P .G T . 1E2  .OR.  P . L T . 1 E - 3 )  THEN 

WRITE( * , 7 ) P
7 FORMAT( '  P r e s s u r e  " ' , l p e 8 . 2 , '  a t m  " i s  o u t  o f  1 . 0 e - 3  a n d  1.  Oe 

2+2 a t m  r a n g e 1 )
w r i t e ( * , * ) '  p l e a s e  r e - e n t e r  a  v a l i d  p r e s s u r e  1 
w r i t e ( * , * ) '  '

ENDIF 
GO TO 5

8 CONTINUE
WRITE( * , * ) '  E n t e r  T e m p e r a t u r e  r a n g e  (K) f o r  o u t p u t  m e c h a n i s m  1

51 WRITE( * , * ) '  T e m p e r a t u r e  ( l ow)  = '
READ( * , * ) T_LOW
I F  (T_LOW.LE. 2 5 0 0 .  .OR.  T_LOW.GE.3 0 0 . )  GO TO 53 
I F  (P . G T . 1E2  .OR.  P . L T . 1 E - 3 )  THEN 

WRITE( * , 5 2 ) T_LOW
52 FORMAT( '  T e m p e r a t u r e  " ' , f 7 . 1 , '  K " i s  o u t  o f  300 a n d  2500  K r  

2 a n g e '  )
w r i t e ( * , * ) '  p l e a s e  r e - e n t e r  a v a l i d  t e m p e r a t u r e  ' 
w r i t e ( * , * ) '  '

ENDIF 
GO TO 51

53 CONTINUE
5 4 WRITE( * , * ) '  T e m p e r a t u r e  ( h i g h )  = '

READ( * , * ) T_HIGH
I F  (T_LOW. LE. 2 5 0 0  .OR.  T_LOW.GE. 300)  GO TO 5 6 
I F  (T_HIGH.GT.25 00  .OR.  T_HIGH.LT . 3 0 0 )  THEN 

WRITE( * , 5 5 )T_HIGH
55 FORMAT( '  T e m p e r a t u r e  " ' , f 7 . 1 , '  K " i s  o u t  o f  300 a n d  2500  K r

2 a n g e '  )
w r i t e ( * , * ) '  p l e a s e  r e - e n t e r  a  v a l i d  t e m p e r a t u r e  1 
w r i t e ( * , * ) '  '

ENDIF
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GO TO 54 

56 CONTINUE
I F  (T_LOW . GT.T_HIGH) THEN 

T_TEMP -  T_LOW 
T_LOW = T_HIGH 
T_HIGH = T_TEMP 

ENDIF
I F  (T_LOW.EQ.T_HIGH) THEN 

T_HIGH = T_HIGH + 10 .
T_LOW = T_LOW -  10 .

ENDIF
C
C
C START OF MECHANISM CONVERSION
C

R=1 .9 8 7  
M = 0
LINE3 = ' '
LINE2 = ' '
LINE1 = ' *
ILEN3 = 0 
ILEN2 = 0 
ILEN1 = 0 
COMM = .FALSE.

100 CONTINUE
I F  (.NOT.COMM) THEN 

M = M + 1 
LINE3 = LINE2 
LINE2 = LINE1 
LINE1 = ' '
ILEN3 = ILEN2 
ILEN2 = ILEN1 
ILEN1 = 0 

ENDIF
COMM = .FALSE.
DO 102 1 = 1 ,  120 

SUB( I )  = ’ '
102 CONTINUE

READ (LIN,  ' (A) ' ,END=5000)  LINE1 
C w r i t e ( * , * ) l i n e l

1 0 5  CONTINUE
ILEN1 = IPPLEN(LINE1)
I F  ( L I N E 1 ( 1 : 1 )  .EQ.  ' ! ' )  THEN 

M = M - 1  
COMM = .TRUE.
GO TO 100 

ENDIF
I F  (ILEN1 .EQ.  0) GO TO 100 

CALL CKISUB ( L IN E 1 ( : ILEN1) , SUB, NSUB)

N = 0
I F  (UPCASE(SUB( 1 ) , 4 )  .EQ. 1CHEB' )  THEN 

LINE = LINE3

c

11 = INDEX(SUB(NSUB), ' / ' )
12 = INDEX(SUB(NSUB) (1 1 + 1 : ) ,  ' / ' )  
WRITE( * , * ) 1 I I  = ' , 1 1 , '  12 = ' , 1 2
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I F  ( I I . L E . 0  .OR. I 2 . L E . 0 )  THEN 
KERR ■= .TRUE.
WRITE (LOUT, 2090 )  SUB(NSUB)( : ILEN)

C GO TO 500
ENDIF

C KEY = SUB(N) ( :  1 1 - 1 )
RSTR »  ' '
RSTR = SUB(NSUB) ( 1 1 + 1 : 1 1 + 1 2 - 1 )

C WRITE( * , * ) RSTR
CALL IPPARR (RSTR,1 , - 8 , CHEB(1) , NVAL,IER,LOUT)
N_CHEB «  CHEB(1)
M_CHEB = CHEB(2)
NPARA_CHEB *■ N_CHEB*M_CHEB + 2 
INDEX_CHEB = 0

C w r i t e ( * , * ) ’ . . NPARA 1, NPARA_CHEB,N_CHEB,M_CHEB
C CALL IPPARR (RSTR,1 , - 5 , PFAL( 4 , NFAL), NVAL,IER,LOUT)

INDEX_CHEB «= INDEX_CHEB + NVAL 
C WRITE (LOUT, 2028 )  SUB_CH(N)( : ILEN)
C WRITE( * , * ) '  . .NPARA. . INDEX. .NVAL. ' ,NPARA_CHEB,NVAL
C WRITE( * , * )  ' . . . N . . . M . . .  ' , N_CHEB, M_CHEB
C WRITE (LOUT, 3098 )  (PFAL(L ,NFAL) , L =4 , NVAL+3)
101 CONTINUE

LINE_CH = ’ '
READ ( L I N , ' ( A ) ' )  LINE_CH 

C WRITE( * , * ) '  . . L INE_CH. . '
C WRITE( * , *)LINE_CH
C

ILEN = IPPLEN(LINE_CH)
C WRITE( * , * ) ILEN

CALL CKISUB (LINE_CH( : ILEN) , SUB_CH, NSUB_CH)
C KEY = ' '

DO 151 N_CH = 1,  NSUB_CH
II LEN = ILASCH(SUB_CH(NSUB_CH))

C WRITE( * , * ) '  NSUB_CH = ’ ,NSUB_CH
C WRITE( * , * ) SUB_CH(NSUB_CH)

111 = INDEX(SUB_CH(NSUB_CH) , ' / ' )
112 «= INDEX(SUB_CH(NSUB_CH)(I I1 + 1 : ) , ' / ' )

C WRITE( * , * )  ’  I I I . . 1 1 2 . I l l , 112
I F  ( I I I . L E .0  .OR. I I 2 . L E . 0 )  THEN 

KERR = .TRUE.
WRITE (LOUT, 2090)  SUB_CH(N_CH)( : I ILEN)

C GO TO 199
ENDIF

C KEY = SU B( N) ( : I 1—1)
RSTR_CH = ' '
RSTR_CH = SUB_CH(NSUB_CH)( 1 1 1 + 1 : 1 1 1 + 1 1 2 - 1 )

C WRITE(*,*)RSTR_CH
CALL IPPARR (RSTR_CH,1 , - 8 ,  CHEB(INDEX_CHEB+1)

2 , NVAL,IER,LOUT)
C WRITE( * , * ) ' . . . INDEX. .NVAL. . ' , INDEX_CHEB,NVAL
C WRITE( * , * )  1 . . . I E R . .=  1 , IER
C INDEX_CHEB = INDEX_CHEB + NVAL
c  WRITE (* ,  3098)  (CHEB(L) , L=INDEX_CHEB+1
c  2 ,NVAL+INDEX_CHEB)
C WRITE (LOUT, 30 98 )  (PFAL(L,NFAL) , L=INDEX_CHEB+4
C 2 ,NVAL+INDEX_CHEB+3)

INDEX_CHEB = INDEX_CHEB + NVAL 
C WRITE( * , * ) ' . . INDEX. . . '  , INDEX_CHEB
151 CONTINUE

I F  ( INDEX_CHEB. L T . NPARA_CHEB) GOTO 101 
199 CONTINUE

I F  (INDEX_CHEB .EQ.  NPARA_CHEB) THEN
C

ELSE
WRITE (LOUT, 20 28 )  SUB_CH(N)( : ILEN)
KERR ■= .TRUE.
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ENDIF
c  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

C * * * * * * * * * * * * * * ^ # g / i g / 9 5 * * * * * * * * * * * * * * * * * * * * * * *

C201 N = N + 1
C WRITE (LOUT, *) ’ ............ CALL SUB CHEB_____ ' ,N

C WRITE(LOUT, 8 1 0 ) LINE3
C LINE3 -  LINE2
C LINE2 -  LINE1
C ILEN3 «  ILEN2
C ILEN2 = ILEN1
C READ (LIN,  ' (A) 1 ,END>=5000) LINE1
C ILENl  «  IPPLEN(LINE1)
C CALL CKISUB ( L IN E 1 ( : I L E N l ) ,  SUB, NSUB)
C IF(UPCASE(SUB( 1 ) , 4 )  .EQ.  'CHEB' )  GOTO 101
C WRITE(LOUT, 8 1 0 ) LINE3

LINE3 = ' '
LINE2 = ' '
LINE1 = ' '
ILEN3 = 0 
ILEN2 = 0 
ILENl  = 0 

c  DO 2 9 9  N = 1,  NPARA_CHEB
c  WRITE(LOG,* ) 1 CHEB( ' , N , 1) = ' , CHEB(N)
c 2 9 9  CONTINUE

Tmin  ** 3 00 .
Tmax ■= 2 5 0 0 .
Pmin  = 1 . 0 E - 0 3
Pmax = 1 .0E +02

C
C------------------- F i n d  NPAR r e a l  p a r a m e t e r s ------------------------------------------------
C

NPAR = 3
CALL IPNPAR (LINE,  NPAR, ISTR,  ISTART)
CALL IPPARR ( ISTR,  1,  NPAR, P A R ( l ) ,  NVAL, IER,  LOUT)
I F  ( IER .NE.  0) KERR = .TRUE.

C
C Remove b l a n k s  f r o m  r e a c t i o n  s t r i n g
C
c  INAME « ' '
c  ILEN = 0
c  DO 10 I  « 1 ,  ISTART-1
C I F  (L INE( 1 : 1 )  .NE.  ' ' )  THEN
c  ILEN = ILEN+1
c  INAME(ILEN:ILEN) = L I N E (1 : 1 )
c  ENDIF
c  10 CONTINUE

INAME = ' '
ILEN = 0 
M_PPP = .TRUE.
DO 10 I  “  1,  ISTART-1

I F  (L IN E( 1 : 1 )  .NE.  ' ( '  .AND. M_PPP ) THEN 
ILEN -  ILEN+1
INAME(ILEN:ILEN) = L I N E ( I : I )

ELSEIF ( L I N E ( I : I ) . E Q . ' ( ' .OR. .NOT.M_PPP)  THEN 
ILEN = ILEN+1 
INAME(ILEN:ILEN) = ' '

ENDIF
I F  (L IN E( 1 : 1 )  .EQ.  ' ( ' )  M PPP = .FALSE.
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I F  ( L IN E ( 1 : 1 )  .EQ.  ' ) ' )  M_PPP = .TRUE.
10 CONTINUE

C
C F i n d  r e a c t i o n  s t r i n g ,  p r o d u c t  s t r i n g
C

11 = 0
12 = 0
DO 25 I  -  1 ,  ILEN

I F  ( I I  .L E .  0) THEN
I F  ( INAME(I :1+2 )  .EQ.  ' < = > ' )  THEN 

11 = 1 
12 -  1+2 
IR -  1

ELSEIF  (INAME( 1 : 1 + 1 )  .EQ.  ' = > ' )  THEN
11 = I
12 = 1+1 
IR  »  - 1

ELSEIF ( I . G T . l  .AND. INAME(I : I ) . E Q . ' = '
1 .AND. INAME( 1 - 1 : 1 - 1 ) . N E . ' = ' )  THEN

11 -  I
12 = I  
IR = 1

ENDIF 
ENDIF 

25 CONTINUE
C

I F  ( ILASCH( INAME) .GE.45 .AND. I 1 . G T . 0 )  THEN
WRITE (LOUT, 1900 )  INAME( : 1 1 - 1 ) , A f i t , r n f i t , E a f i t * 1 0 0 0 .
WRITE (LOUT, 1920 )  IN AM E( I I : )

ELSE
WRITE (LOUT, 1900)  INAME( : 4 5 ) , A f i t , r n f i t , E a f i t * 1 0 0 0 . ,

1 FILE_IN,AVGERR 
ENDIF

C I F  (T_HIGH .EQ.  T_LOW) THEN
C N_TFIT = 1
C nK = 1
C ELSE

N_TFIT  = 2 1  
C nK = 1
C ENDIF

DO 301 NFIT = 1 ,  N_TFIT
T(NFIT)  = T_LOW + (T_HIGH-T_LOW)/ ( N _ T F I T - 1 ) * ( N F I T - 1 ) 

c  WRITE( * , * ) '  T(NFIT)  = 1, T (NFIT)
T _ c h e b  = ( 2 . * ( l . / T ( N F I T ) ) - ( 1 / T m i n ) - ( 1 / T m a x ) ) /

2 ( ( 1 / T m a x ) - ( 1 / T m i n ) )
c  WRITE ( * , * ) '  T _ c h e b  = ' , t _ c h e b

P _ c h e b  = ( 2 . * d l o g l 0 ( P ) - d l o g l O ( P m i n ) -  
2 d l o g l O ( P m a x ) ) /  ( d l o g l O ( P m a x ) - d l o g l O ( P m i n ) )

c  WRITE( * , * ) '  P _ c h e b  = ' , P _ c h e b
RK_tempLog = 0 . 0

c  t o  a v o i d  ms f o r t r a n  c o m p i l e r  s i g n i f i c a n t  d i g i t s  e r r o r
I F  ( t _ c h e b  . g e .  0 . 9 9 9 9 9 9 9 9 9 9 9 9 9 )  t _ c h e b  = 1 . 0  
DO 82 I  = 1,  CHEB(1)

DO 81 J  = 1,  CHEB(2)
c  w r i t e ( * , * ) RK_tempLog,  ( ( I  — 1 ) * M _ c h e b + J ) , X ( ( 1 - 1 ) * M _ c h e b + J ) ,
c  2 P h i C h ( I , T _ c h e b ) , P h i C h (J ,  P _ c h e b )
C WRITE( * , * ) T_LOW,T_HIGH,NFIT,T(NFIT)
c  WRITE( * , 7 7 ) I ,  J ,  NFIT,  T ( N F I T ) , T_CHEB,P_CHEB
c77  F O R M A T ( ' I = ' , I 2 ,  ' J = ' , I 2 ,  * T ( ' ,  12 ,  1) = ’ , F 7 . 2 ,  1 \ 2 F 9 . 2 )
c  TT = PHICH(J ,P_CHEB)
c WRITE( * , * ) 'P_CHEB = ' , TT
c TT = PHICH( I , T_CHEB)
c WRITE( * , * )  'T_CHEB = ' , TT

RK_tempLog = RK_tempLog + C H E B ( ( I - 1 ) *
2 CHEB( 2 ) + J + 2 ) * P h i C h ( I , T _ c h e b ) *
3 P h i C h ( J , P _ c h e b )
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81
82

301

45

277

300

320

C
C
C
C
c
c
c
c

5000

C
810
1800
1820
1900

1920
2028
2090
3098

CONTINUE
CONTINUE
RK(NFIT) -  1 0 . 0**RK_tempLog  

CONTINUE 
nK -  21 
d o  45 1 = 1 , nK

l n K ( I )  = d l o g ( R K ( I ) ) 
c o n t i n u e  
n l o w  = 1 
n h i g h  = nK 
WRITE(LOG,* ) '  ’
WRITE(LOG,* ) 1 '
I F  ( ILASCH(INAME).GE.45 .AND. I 1 . G T . 0 )  THEN 

WRITE (LOG, 1800 )  IN A M E ( : I 1 - 1 )
WRITE (LOG, 1820)  IN A M E ( I I : )

ELSE
WRITE (LOG, 1800 )  INAME(:45)

ENDIF
WRITE(LOG,* ) '  '
c a l l  a r r n l i n ( L O G ,  0 .  OdO, n K , 3 , T , I n K , n l o w ,  n h i g h ,

2 A f i t , r n f i t , E a f i t , e r r p a r )
a v g e r r = 0 . 0  
d o  300  I  = 1 , nK

K _ f i t  = A f i t * T ( I ) * * r n f i t * d e x p ( - E a f i t * 1 0 0 0 . / R / T ( I ))  
e r r o r  = 1 0 0 . dO* ( r K ( I )  -  K _ f i t )  /

2 d m i n l ( r K ( I ) ,  K _ f i t )
a v g e r r  = a v g e r r  + d a b s ( e r r o r )
WRITE(LOG,2 7 7 ) T ( I ) , r K ( I )  , K _ f i t , e r r o r
f o r m a t ( 1 0 X ,  'T  = ' , f 6 . 1 , '  K =  ' , l p e 9 . 2 , '  K _ f i t =  ' , e 9 . 2 ,

1 ' e r r o r  = ' , 0 p f 9 . 2 )
c o n t i n u e
a v g e r r  = a v g e r r / n K  
w r i t e ( L O G , * ) 1 1
w r i t e ( L O G , 320)  A f i t ,  r n f i t , E a f i t , a v g e r r
f o r m a t ( 8 X , 1 F i t t e d  A = 1, I p e l O . 3 , 1 n  = 1, O p f 6 . 2 , 1 Ea = ' ,

2 I p e l O . 3 , '  a v g  e r r o r  ' , 0 p f 7 . 2 , '  %' )

ELSE
I F  (L INE3 . NE. '  ’ .AND. M.GT.2 )  WRITE(LOUT,8 1 0 ) LINE3 

ENDIF 
GOTO 100

I F  (LINE3 .NE.  ' ’ ) WRITE(LOUT,810 ) LINE3 
I F  (LINE2 .NE.  ' ' )  WRITE(LOUT,810)  LINE2 

WRITE( * , * ) ' . . .END'
FORMAT(A80)
FORMAT ( A)
FORMAT ( 6X,A)
FORMAT ( A, T47 ,  1 P E 8 . 2 ,  2X, 0 P F 7 . 3 ,  IX,  F 8 . 0 , '  ! ' , A 1 2 ,

1 1 a v g  e r r  * , f 6 . 2 , ' % ' )
FORMAT (6X,A)
FORMAT ( 6 X , ' E r r o r  i n  CHEB f a l l - o f f  p a r a m e t e r s . . . ' , A) 
FORMAT ( 6 X , ' E r r o r  i n  a u x i l i a r y  d a t a . . . ' , A )
FORMAT (6X, 'CHEB P o l y n o m i a l s :  ’ , 8 E 1 3 . 5 )
CLOSE (LIN)
CLOSE (LOG)
CLOSE (LOUT)
STOP
END
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***PHICH**** * * * * * * * * * * * * * * * * * * * * * * * * * * * *  *******

FUNCTION P h i C h ( i , x )  
i m p l i c i t  n o n e  

c  l o c a l  v a r i a b l e s  
i n t e g e r  i  
r e a l * 8  x , P h i C h

c
P h i C h  =  DCOS( ( i - 1 ) * D A C O S ( x ) )
r e t u r n
e n d

C
c*ARRNLIN*** ** *** ** ** *** * * * * * * * * * * * * * * * *

s u b r o u t i n e  a r r n l i n ( l e r r , d u m m y l , n D a t a ( n p a r a , x i n , y i n , n l o w , n h i g h ,
+ A f i t , r n f i t , E a f i t , c h i S q )

i m p l i c i t  n o n e  
c  l o c a l  v a r i a b l e s

i n t e g e r  m x W e l l s ,  m x P r o d s ,  n p a r a
p a r a m e t e r  (mxWel l s  *= 1 2 ,  m x P r o d s  = 10)
i n t e g e r  m x T P t s ,  m x P P t s
p a r a m e t e r  (mxTPts  = 2 0 ,  m x P P t s  = 61)
i n t e g e r  m x C o l l s
p a r a m e t e r  (m x C o l l s  = 10)
i n t e g e r  m x F r e q s
p a r a m e t e r  (mx Freqs  = 6)
i n t e g e r  m x F i t P
p a r a m e t e r  (m xF i t P  = 20 )
i n t e g e r  m x K f i t
p a r a m e t e r  (mxKFi t  =  6)
i n t e g e r  i
i n t e g e r  l e r r , n D a t a , n l o w ,  n h i g h
r e a l * 8  x i n ( m x T p t s )  , y i n ( m x T p t s ) , A f i t , r n f i t , E a f i t , d u m m y l , c h i S q  
i n t e g e r  l i s t A ( 3 )
r e a l * 8 s i g ( m x T p t s ) , A ( 3 ) , c o v a r ( 3 , 3 )  
e x t e r n a l  f A r r n , f A r r n 3  

c  e n d  d e c l a r a t i o n s
c  n l o w  a n d  n h i g h  a r e  p a r t  o f  o l d  a u t o r a n g i n g  s t u f f  -  h e r e ,  we f i x  and  
c l e a v e  a l o n e

n l o w  = 1 
n h i g h  = N d a t a  

c  p e r f o r m  some i n i t i a l i z i n g
do  20  i  = l , n D a t a  

s i g ( i )  = l . d O  
20 c o n t i n u e
c  l i s t A  i s  a  v e c t o r  t e l l i n g  w h a t  c o e f f i c i e n t s  t o  a d j u s t ;
c  we w a n t  a l l  o f  t h e m

do  50  i  = 1 , n p a r a  
l i s t A ( i )  = i  

50 c o n t i n u e
c  n o t e  we a d d e d  a d d ' l  a r g u m e n t  l e r r  t o  t h i s  s u b

i f  ( n p a r a . e q . 2) t h e n
c a l l  l f i t  ( x i n , y i n , s i g , n D a t a , A , n p a r a , l i s t A , n p a r a , c o v a r ,

+ n p a r a , c h i S q , f A r r n , l e r r )  
e n d i f
i f  ( n p a r a . e q . 3) t h e n

c a l l  l f i t  ( x i n ,  y i n ,  s i g , n D a t a , A , n p a r a , l i s t A ,  n p a r a , c o v a r ,
+ n p a r a , c h i S q , f A r r n 3 , l e r r )  

e n d i f
c  s e t  p a r a m e t e r s  f o r  o u t p u t

i f  ( n p a r a . e q . 2) t h e n  
A f i t  = d e x p ( A ( l ) )
E a f i t  = - A ( 2 ) * l . 9 8 7 / 1 0 0 0 .  

e n d i f
i f  ( n p a r a . e q . 3) t h e n
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A f i t  = d e x p ( A ( l ) )  
r n f i t  = A(2 )
E a f i t  ■= - A ( 3 ) * l . 9 8 7 / 1 0 0 0 .  

e n d i f  
r e t u r n  
e n d

c * ** F A R R N *** ** ** *** ** *** ** *** *** ** *
c  e x t e r n  b a s i 3  f u n c t i o n s  f o r  l s q  f i t  o f  a r r h e n i u s  c o e f f i c i e n t s

s u b r o u t i n e  f A r r n ( x , V e c C o e f s , n C o e f s )  
i m p l i c i t  n o n e  
i n t e g e r  n C o e f s  
r e a l * S  x , V e c C o e f s ( n C o e f s )
V e c C o e f s ( l )  = l . d O  
V e c C o e f s (2) = 1 / x  
r e t u r n  
e n d

c * * * FARRN3* * * * * * * * * * * * * * * * * * * * * * * * * *
c  e x t e r n  b a s i s  f u n c t i o n s  f o r  l s q  f i t  o f  a r r h e n i u s  c o e f f i c i e n t s

s u b r o u t i n e  f A r r n 3 ( x , V e c C o e f s , n C o e f s ) 
i m p l i c i t  n o n e  
i n t e g e r  n C o e f s  
r e a l * 8  x , V e c C o e f s ( n C o e f s )
V e c C o e f s  (1) *= l . d O  
V e c C o e f s (2) = d l o g ( x )
V e c C o e f s (3)  = 1 / x
r e t u r n
e n d

c  t h i s  i s  a l l  m a t r i x  s o l v i n g  s t u f f  f r o m  p r e s s  e t  a l n u m e r i c a l  r e c i p i e s c  
*****  l u dcm p*

s u b r o u t i n e  l u d cm p( A ,  n , n p , i n d x , d , w , i e r r , l o u t )  
c  t h i s  i s  a d a p e d  f r o m  n u m e r i c a l  r e c i p e s  b y  p r e s s  e t  a l .  < a y c  3 / 9 3 >
c  t h i s  i s  a n  l u  d e c o m p o s e r  a n d  t h e  o u t p u t  i s  p a s s e d  t o  s u s e q u e n t
r o u t i n e s
c  N o t e :  c h a n g e  o f  i n p u t s  -  e s p  a r r a y  w  s o  i t  c a n  b e  f i x e d  i n  s i z e
c  f r o m  a b o v e
c  A i s  i n p u t  a r r a y  o f  n  e q u a t i o n s  a n d  i 3  p h y s i c a l l y  d i m e n s i o n e d  np  x np
c n o t e  i n p u t  m a t r i x  A i s  c h a n g e d  b y  t h i s  r o u t i n e  t o  g i v e  LU d e c o m p 1ed  A
c  i n d x  i s  o u t p u t  1-D a r r a y  o f  p i v o t  i n f o  -  t h i s  a l o n g  w i t h  v a r i a b l e  D i s
c  p a s s e d  t o  c o m p a n i o n  s u b r o u t i n e s
c  n o t e :  c o d e  a s s u m e s  n o - t r i p  d o ' s  ( f o r t r a n  77 s t a n d a r d )

i m p l i c i t  n o n e  
r e a l * 8  t i n y  

c  p a r a m e t e r ( t i n y  = l . d - 1 7 5 )
i n t e g e r  n , n p , i n d x ( n p ) , i m a x , i e r r , l o u t  
i n t e g e r  i , j , k
r e a l *8 A ( n p , n p )  , w ( n p ) , d , a a m a x , s u m , d u m  
i e r r  = 0 
t i n y = l . d - 1 7 5  
d = l . d O  
do  120  i  = l , n  

a amax  = l . d O
d o  110 j  = l , n
i f  ( d a b s ( A ( i , j ) ) . g t . a a m a x )  aamax = d a b s ( A ( i , j ) )

110 c o n t i n u e
i f  ( a a m a x . l e . t i n y )  t h e n

w r i t e ( l o u t , *) 'ERROR: s i n g u l a r  m a t r i x . ' 
i e r r  = 1 
r e t u r n  

e n d i f
w ( i )  = l . d O / a a m a x  

120 c o n t i n u e
do  190 j  = l , n

do  140 i  = l , j - l  
sum = A ( i , j )

do  130 k= 1 , i - 1
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sum = sum -  A ( i , k ) * A ( k ,  j )
130 c o n t i n u e

A ( i , j )  -  sum 
140 c o n t i n u e

aamax  = O.dO 
d o  160 i  ■= j , n  

sum = A ( i , j )
d o  150  k = l , j - l
sum -  sum -  A ( i ,  k) *A(k ,  j )

150 c o n t i n u e
A ( i » j )  “  sum
dum -  w ( i )  * d a b s  (sum)

i f  ( d u m . g e . a a m a x )  t h e n  
im a x  «  i  
aamax  « dum 

e n d i f
160 c o n t i n u e

i f  ( j . n e . i m a x )  t h e n  
d o  170  k = l , n

dum = A ( i m a x , k )
A ( i m a x , k )  = A (j , k )
A(  j  , k) = dum 

170 c o n t i n u e
d  = - d
w ( i m a x )  ■= w (  j  ) 

e n d i f
i n d x ( j )  ■= im ax  

i f  ( d a b s ( A ( j , j ) ) . l e . t i n y )  A ( j , j ) = d s i g n ( t i n y , A ( j , j ) )  
i f  ( j . n e . n )  t h e n  
dum = 1 . d 0 / A ( j , j ) 

d o  180 i  = j  + l , n  
A ( i ,  j ) = A ( i ,  j ) *dum 

180 c o n t i n u e
e n d i f  

190 c o n t i n u e  
r e t u r n  
e n d

c * * * * * l u b k s b * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

s u b r o u t i n e  l u b k s b ( A , n , n p , i n d x , B )  
c  t h i s  i s  t a k e n  f r o m  n u m e r i c a l  r e c i p e s  b y  p r e s s  e t  a l . < a y c  3 / 9 3 >
c  A i s  LU d e c o m p ' e d  a r r a y  o f  n  e q u a t i o n s ,  p h y s i c a l l y  d i m e n s i o n e d  n p  x np
c  a n d  was  o b t a i n e d  b y  l u d c m p
c  i n d x  i s  1 -D a r r a y  o f  p i v o t  i n f o  f r o m  l u b k s b
c  B i s  i n p u t  c o lu m n  v e c t o r  (A X = B) b u t  i s  c h a n g e d  on o u t p u t  t o  g i v e  X

i m p l i c i t  n o n e
i n t e g e r  n , n p , i n d x ( n p ) , i i , 11 
i n t e g e r  i , j
r e a l * 8  A ( n p , n p ) , B ( n p ) , sum 
i i  = 0
do  120  i  = l , n  

11  = i n d x ( i )  
sum = B (11)
B (11)  -  B ( i )

i f  ( i i . n e . O )  t h e n  
do  110 j  = i i , i - l

sum = sum -  A ( i , j ) * B ( j )  
110 c o n t i n u e

e l s e i f  ( s u m . n e . O . d O )  t h e n  
i i  = i  

e n d i f
B ( i )  = sum 

120 c o n t i n u e
d o  140 i  ■= n ,  1,  - 1  

sum = B ( i )  
d o  130  j  = i + l , n

sum ■= sum -  A ( i , j ) * B ( j )
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130  c o n t i n u e
B ( i )  = s u m / A ( i , i )

14 0 c o n t i n u e
r e t u r n  
e n d

s u b r o u t i n e  l f i t ( x , y , s i g , n d a t a , a , m a , l i s t a , m f i t ,  c o v a r , n c v r a ,
2 c h i s q , f u n c s , l e r r )  

c  t h i s  i s  t a k e n  f r o m  n u m e r i c a l  r e c i p e s  b y  p r e s s  e t  a l .  < a y c  4 / 9 3 >  
c  i t s  p r e t t y  c o m p l i c a t e d  s o  y o u ' d  b e t t e r  s e e  d e s c r i p t i o n  i n  b o o k
c  c o m m en t s  i n  c o d e  a r e  m i n e  < a y c >
c  t h i s  p r o g r a m  a l l o w s  y ou  t o  o n l y  a d j u s t  r n f i t  o f  ma c o e f f i c i e n t s ,
c  w h i l e  k e e p i n g  t h e  r e s t  f i x e d  -  l i s t a  i s  a n  i n p u t  v e c t o r  s p e c i f y i n g
c  w h a t  p a r a m e t e r s  y o u  w a n t  a d j u s t e d  

i m p l i c i t  n o n e  
c  mmax i s  max # o f  c o e f f i c i e n t s

i n t e g e r  mmax 
p a r a m e t e r  (mmax = 10)  
i n t e g e r  n d a t a , m a , l i s t a ( m a ) , m f i t , n c v m  
i n t e g e r  k k , i h i t , i , j , k
r e a l * 8  x ( n d a t a ) , y ( n d a t a ) , s i g ( n d a t a ) , a ( m a ) , c o v a r ( n c v m , n c v m ) ,

2 b e t a ( m m a x ) , a f u n c ( m m a x ) , c h i s q  
r e a l * 8  y m , s i g 2 i , w t , s u m  
e x t e r n a l  f u n c s

c  t h e  f o l l o w i n g  a r e  f o r  l d u  r o u t i n e s  w h i c h  we now u s e  
c  i n s t e a d  o f  g a u s s j

i n t e g e r  i n d x ( m m a x ) , i e r r , l e r r  
r e a l * 8  d , w ( m m a x )  

c  d o n e  d e c l a r a t i o n s
kk  = m f i t  + 1 
d o  12 j  = l , m a  
i h i t  = 0
d o  11 k = l , m f i t

i f  ( l i s t a  ( k ) . e q . j ) i h i t  = i h i t  + 1
11 c o n t i n u e

i f  ( i h i t . e q . O )  t h e n  
l i s t a ( k k )  = j  
kk ■= kk + 1 

e l s e  i f  ( i h i t . g t . l )  t h e n
s t o p  ' i m p r o p e r  s e t  i n  l i s t a '  

e n d i f
12 c o n t i n u e

i f  ( k k . n e . ( m a + 1 ) ) s t o p  ' i m p r o p e r  s e t  i n  l i s t a '  
do  14 j  = l , m f i t
d o  13 k = l , m f i t

c o v a r ( j , k )  = O.dO
13 c o n t i n u e  

b e t a ( j )  = O.dO
14 c o n t i n u e

d o  18 i  = 1 , n d a t a
c a l l  f u n c s ( x ( i ) , a f u n c , m a )  
ym = y  ( i )

i f  ( m f i t . I t . m a )  t h e n  
d o  15 j  = m f i t + l , m a

ym = ym -  a ( l i s t a ( j ) ) * a f u n c ( l i s t a ( j ) )
15 c o n t i n u e  

e n d i f
s i g 2 i  = l . d 0 / s i g ( i ) **2 

d o  17 j  = l , m f i t  
w t  = a f u n c ( l i s t a ( j ) ) * s i g 2 i  
d o  16  k = l , j

c o v a r ( j , k )  = c o v a r ( j , k )  + w t * a f u n c ( l i s t a ( k ) )
16 c o n t i n u e

b e t a ( j )  = b e t a ( j )  + ym*wt
17 c o n t i n u e
18 c o n t i n u e



i f  ( m f i t . g t . l )  t h e n  
d o  21 j  = 2 , m f i t  

d o  19 k = l , j - l
c o v a r {k , j ) -  c o v a r ( j , k )

19 c o n t i n u e
21 c o n t i n u e  

e n d i f
c  we h a v e  r e p l a c e d  t h i s  w i t h  c a l l  t o  l d u  s o l v e r
c  c a l l  g a u s s j ( c o v a r , m f i t , n c v m , b e t a , 1 , 1 )
c  we u s e  l u d  r o u t i n e s  i n s t e a d  o f  g a u s s j
c  we a r e n ' t  g o i n g  t o  d o  a n y t h i n g  w i t h  i n v e r s e
c  s o  we j u s t  s o l v e  t o  g e t  s o l u t i o n  v e c t o r
c  NOTE: we h a v e  c h a n g e d  some  o f  t h e  i n p u t s  o f  t h e s e
c  r o u t i n e s  a s  c o m p a r e d  t o  b o o k ! !

c a l l  l u d c m p ( c o v a r , m f i t , n c v m , i n d x , d ,  w , i e r r ,  l e r r )  
c a l l  l u b k s b ( c o v a r , m f i t , n c v m , i n d x , b e t a )  

c  t h i s  h a s  t o t a l l y  m e s s e d  u p  c o v a r  b u t  we d o n ' t
c  n e e d  i t  an y m o r e  -  s e e  b o o k  t o  g e t  t h e  3 l i n e s
c  o f  c o d e  t o  c o m p u t e  i n v e r s e  o f  c o v a r  f r o m  h e r e

d o  22 j  “  l , m f i t
a ( l i s t a ( j ) )  «= b e t a ( j )

22 c o n t i n u e  
c h i s q  = O.dO
d o  24 i  = 1 , n d a t a

c a l l  f u n c s ( x ( i ) , a f u n c , m a )  
sum = O.dO 

d o  23 j  = l , m a  
sum = sum + a ( j ) * a f u n c ( j )

23 c o n t i n u e
c h i s q  = c h i s q  + ( ( y ( i ) - s u m ) / s i g ( i ) ) * * 2

24 c o n t i n u e
c c a l l  c o v s r t ( c o v a r , n c v m , m a , l i s t a , m f i t )
c t h i s  s o r t s  c o v a r i a n t  m a t r i x  t o  o r i g i n a l  o r d e r i n g
c o f  f i t t i n g  c o e f f i c i e n t s ;  h e r e  we n e i t h e r  c h a n g e d
c o r d e r i n g  n o r  do  we c a r e  a b o u t  t h i s  m a t r i x  so
c we d o n ' t  w o r r y  a b o u t  i t  -  n o t e  w i t h  g a u s s j ,
c  c o v a r  w o u l d  h a v e  b e e n  t h e  i n v e r s e  o f  t h e  o r i g i n a l ;
c  h e r e  i t s  bec om e  b e f u d d l e d  -  b u t  i f  we c a r e d  we
c c o u l d  f i x  i t

r e t u r n  
en d

C
C

SUBROUTINE CKCHAR (SUB, NSUB, NDIM, STRAY, RAY, NN, KERR, LOUT)

: E x t r a c t s na m e s  a n d  r e a l  v a l u e s  f r o m  a n  a r r a y  o f  CHARM*)
: s u b s t r i n g s ;  s t o r e s  names i n STRAY a r r a y ,  r e a l  v a l u e s  i n  RAY;
: i . e .  c a n b e  u s e d  t o  s t o r e e l e m e n t  a n d  a t o m i c  w e i g h t  d a t a ,
: s p e c i e s  n a m e s ,  e t c .

I n p u t : SUB(N) , N=1 , NSUB - a r r a y  o f  CHARM*) s u b s t r i n g s
NSUB - n u m b e r  o f  s u b s t r i n g s
NDIM - s i z e  o f  STRAY, RAY a r r a y s
NN - a c t u a l  n u m b e r  o f  STRAY f o u n d
STRAY(N) ,N=1,NN - CHAR*(*) a r r a y
RAY(N),N=1,NN - R e a l  a r r a y
LOUT - o u t p u t  u n i t  f o r  e r r o r  m e s s a g e s

O u t p u t : NN - i n c r e m e n t e d  i f  m o r e  STRAY f o u n d
STRAY(N) ,N=1,NN - i n c r e m e n t e d  a r r a y  o f  STRAY
RAY(N), N=1, NN - i n c r e m e n t e d  a r r a y  o f  r e a l s
KERR - l o g i c a l ,  .TRUE. = e r r o r  i n  d a t a

F .  R u p l e y ,  D i v .  8 2 45 ,  2 / 5 / 8 8

C* * * * *p r e c i s i o n  > d o u b l e
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IMPLICIT DOUBLE PRECISION ( A - H , 0 - Z ) ,  INTEGER ( I -N )
*****END p r e c i s i o n  > d o u b l e  
* * * * * p r e c i s i o n  > s i n g l e

IMPLICIT REAL ( A - H , 0 - Z ) ,  INTEGER ( I - N)
*****END p r e c i s i o n  > s i n g l e

DIMENSION RAY( * ) ,  PAR( l )
CHARACTER SUB{ * ) * ( * )  , STRAY( * ) * ( * ) ,  ISTR*80,  UPCASEM 
LOGICAL KERR

C
ILEN «  LEN(STRAY( 1 ) )

C
DO 200  N «= 1 ,  NSUB

I F  ( UPCASE(SUB(N), 3)  .EQ.  'E ND ' )  RETURN 
ISTR -  ' '
I I  = IN DEX (SU B(N ) , ' / ' )
I F  ( I I  .EQ . 1 )  THEN 

KERR = .TRUE.
WRITE (LOUT, 130 ) S U B ( N ) ( : ILASCH(SUB(N)))

ELSE
I F  ( I I  .LE .  0) THEN 

ISTR = SUB(N)
ELSE

ISTR ■= SUB (N) ( : 1 1 - 1 )
ENDIF
CALL CKCOMP ( ISTR,  STRAY, NN, INUM)

C
I F  (INUM .GT.  0)  THEN

WRITE (LOUT, 100 )  S U B ( N ) ( : ILASCH(SUB(N)))
ELSE

I F  (NN .L T .  NDIM) THEN
I F  ( I S T R ( I L E N + 1 : )  .NE.  ' ' )  THEN

WRITE (LOUT, 120 )  S U B( N) ( : ILASCH(SUB(N) ))
KERR = .TRUE.

ELSE
NN ■= NN + 1 
STRAY(NN) = ' ’
STRAY(NN) = I S T R ( : ILEN)
I F  ( I I  .GT.  0) THEN

12 = I I  + INDEX(SUB(N)( 1 1 + 1 : ) , ' / 1)
ISTR = ' ’
ISTR = S U B ( N ) ( 1 1 + 1 : 1 2 - 1 )
CALL IPPARR ( ISTR,  1,  1 ,  PAR, NVAL, IER,  LOUT) 
I F  ( IER .EQ.  0) THEN 

RAY(NN) = PAR (1)
ELSE

KERR = .TRUE.
ENDIF

ENDIF
ENDIF

ELSE
WRITE (LOUT, 110)  S U B ( N ) ( : ILASCH(SUB(N)) )
KERR = .TRUE.

ENDIF 
ENDIF 

ENDIF 
200  CONTINUE

C
100  FORMAT ( 6 X , ' W a r n i n g . . . d u p l i c a t e  a r r a y  e l e m e n t  i g n o r e d . A )
110 FORMAT ( 6 X , ' E r r o r . . . c h a r a c t e r  a r r a y  s i z e  t o o  s m a l l  f o r  . . . 1, A) 
120 FORMAT ( 6 X , ' E r r o r . . .  c h a r a c t e r  a r r a y  e l e m e n t  name t o o  l o n g . . . ' , A )  
130 FORMAT ( 6 X , ' E r r o r . . . m i s p l a c e d  v a l u e . . . ' , A )

END
C-------------------------------------------------------------------------------------------------------------------------------------------

SUBROUTINE CKAWTM (ENAME, AWT)
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R e t u r n s  a t o m i c  w e i g h t  o f  e l e m e n t  ENAME.
I n p u t :  ENAME -  CHARM*) e l e m e n t  name
O u t p u t :  AWT -  r e a l  a t o m i c  w e i g h t

F.  R u p l e y ,  D i v .  8 2 4 5 ,  1 1 / 1 1 / 8 6
 c
* * * * * p r e c i s i o n  > d o u b l e

IMPLICIT DOUBLE PRECISION ( A - H , 0 - Z ) ,  INTEGER ( I -N )
*****END p r e c i s i o n  > d o u b l e  
* * * * * p r e c i s i o n  > s i n g l e

IMPLICIT REAL ( A - H , 0 - Z ) ,  INTEGER ( I -N )
*****END p r e c i s i o n  > s i n g l e

PARAMETER (NATOM = 102)
DIMENSION ATOM(NATOM)
CHARACTER ENAME*( * ) ,  IATOM(NATOM)*2 ,  UPCASE*2

C
DATA (IATOM(I) ATOM(I ) , 1 = 1 , 4 0 )  /

★'H ' , 1 . 0 0 7 9 7 ' H E ' ,  4 . 0 0 2 6 0 , ' L I ' ,  6 . 9 3 9 0 0 , 'BE ' , 9 . 0 1 2 2 0 ,
★'B ' , 1 0 . 8 1 1 0 0 'C ' ,  1 2 . 0 1 1 1 5 , 'N ' ,  1 4 . 0 0 6 7 0 , ' 0  ' , 1 5 . 9 9 9 4 0 ,
★' F  ' , 1 8 . 9 9 8 4 0 ' N E ' ,  2 0 . 1 8 3 0 0 , ' N A ' ,  2 2 . 9 8 9 8 0 , 'MG' , 2 4 . 3 1 2 0 0 ,
* 'AL '  , 2 6 . 9 8 1 5 0 ' S I ' ,  2 8 . 0 8 6 0 0 , ' P  ' ,  3 0 . 9 7 3 8 0 , ' S 1 , 3 2 . 0 6 4 0 0 ,
★'C L '  , 3 5 . 4 5 3 0 0 ' A R ' ,  3 9 . 9 4 8 0 0 , 'K ' ,  3 9 . 1 0 2 0 0 , 'CA' , 4 0 . 0 8 0 0 0 ,
* ' S C '  , 4 4 . 9 5 6 0 0 ' T I ' ,  4 7 . 9 0 0 0 0 , 'V ' ,  5 0 . 9 4 2 0 0 , 'CR' , 5 1 . 9 9 6 0 0 ,
* 'MN' , 5 4 . 9 3 8 0 0 ' F E ' ,  5 5 . 8 4 7 0 0 , ' C O ' ,  5 8 . 9 3 3 2 0 , ' NI ' , 5 8 . 7 1 0 0 0 ,
* o c 6 3 . 5 4 0 0 0 ' Z N ' ,  6 5 . 3 7 0 0 0 , ' G A ' ,  6 9 . 7 2 0 0 0 , 'GE' , 7 2 . 5 9 0 0 0 ,
* 'A S '  , 7 4 . 9 2 1 6 0 ' S E ' ,  7 8 . 9 6 0 0 0 , ' B R ' ,  7 9 . 9 0 0 9 0 , ' KR' , 8 3 . 8 0 0 0 0 ,
* ' RB '  , 8 5 . 4 7 0 0 0 ' S R ' ,  8 7 . 6 2 0 0 0 , 'Y ' ,  8 8 . 9 0 5 0 0 , ' ZR' , 9 1 . 2 2 0 0 0 /

DATA ( IATOM(I ) ATOM(I ) , 1 = 4 1 , 8 0 ) /
* 'NB'  , 9 2 . 9 0 6 0 0 'MO' ,  9 5 . 9 4 0 0 0 , ' T C ' ,  9 9 . 0 0 0 0 0 , 'RU' , 1 0 1 . 0 7 0 0 0 ,
* 'RH'  , 1 0 2 . 9 0 5 0 0 ' P D ' , 1 0 6 . 4 0 0 0 0 , ' A G ' , 1 0 7 . 8 7 0 0 0 , 'CD' , 1 1 2 . 4 0 0 0 0 ,
★' I N ' , 1 1 4 . 8 2 0 0 0 ' S N ' , 1 1 8 . 6 9 0 0 0 , ' S B ' , 1 2 1 . 7 5 0 0 0 , 'T E ' , 1 2 7 . 6 0 0 0 0 ,
* ' I  \ 1 2 6 . 9 0 4 4 0 ' X E ' , 1 3 1 . 3 0 0 0 0 , 'C S '  , 1 3 2 . 9 0 5 0 0 , 'BA' , 1 3 7 . 3 4 0 0 0 ,
* 'L A '  , 1 3 8 . 9 1 0 0 0 ' C E ' , 1 4 0 . 1 2 0 0 0 , ' P R ' , 1 4 0 . 9 0 7 0 0 , 'ND' , 1 4 4 . 2 4 0 0 0 ,
★' PM' , 1 4 5 . 0 0 0 0 0 ' S M ' , 1 5 0 . 3 5 0 0 0 , ' E U ' , 1 5 1 . 9 6 0 0 0 , 'GD' , 1 5 7 . 2 5 0 0 0 ,
* ' T B '  , 1 5 8 . 9 2 4 0 0 ' D Y ' , 1 6 2 . 5 0 0 0 0 , ' H O ' , 1 6 4 . 9 3 0 0 0 , 'ER ' , 1 6 7 . 2 6 0 0 0 ,
i t 'TM'  , 1 6 8 . 9 3 4 0 0 ' Y B ' , 1 73 .  04 0 0 0 , ' L U ' , 1 7 4 . 9 9 7 0 0 , 'HF ' , 1 7 8 . 4 9 0 0 0 ,
* ' T A ' , 1 8 0 . 9 4 8 0 0 •W ' , 1 8 3 . 8 5 0 0 0 , ' R E ' , 1 8 6 . 2 0 0 0 0 , 'OS ' , 1 9 0 . 2 0 0 0 0 ,
★' I R '  , 1 9 2 . 2 0 0 0 0 ' P T '  , 1 9 5 . 0 9 0 0 0 , ' A U ' , 1 9 6 . 9 6 7 0 0 , 'HG' , 2 0 0 . 5 9 0 0 0 /

DATA (IATOM(I) ATOM(I ) , 1 = 8 1 , NATOM) /
★' T L '  , 2 0 4 . 3 7 0 0 0 ' P B ' , 2 0 7 . 1 9 0 0 0 , ' B I ' , 2 0 8 . 9 8 0 0 0 , ' PO' , 2 1 0 . 0 0 0 0 0 ,
it 'AT '  , 2 1 0 . 0 0 0 0 0 ' R N ' , 2 2 2 . 0 0 0 0 0 , ' F R ' , 2 2 3 . 0 0 0 0 0 , 'RA' , 2 2 6 . 0 0 0 0 0 ,
it 'AC ' , 2 2 7 . 0 0 0 0 0 ' T H ' , 2 3 2 . 0 3 8 0 0 , ' P A '  , 2 3 1 . 0 0 0 0 0 , 'U 1, 2 3 8 . 0 3 0 0 0 ,
* 'N P '  , 2 3 7 . 0 0 0 0 0 ' P U ' , 2 4 2 . 0 0 0 0 0 , ' A M ' , 2 4 3 . 0 0 0 0 0 , 'CM1, 2 4 7 . 0 0 0 0 0 ,
it 'BK'  , 2 4 9 . 0 0 0 0 0 ' C F ' , 2 5 1 . 0 0 0 0 0 , ' E S ' , 2 5 4 . 0 0 0 0 0 , ' FM' , 2 5 3 . 0 0 0 0 0 ,
* 'D ' , 0 0 2 . 0 1 4 1 0 ' E ' , 5 . 4 5 E - 4 /

C
CALL CKCOMP ( UPCASE(ENAME, 2 ) ,  IATOM, NATOM, L)
I F  (L .GT.  0) AWT = ATOM (L)
RETURN
END

c  c
SUBROUTINE CKTHRM (LUNIT, MDIM, ENAME, MM, AWT, KNAME, KK, KNCF,

1 KPHSE, KCHRG, WTM, MAXTP, NT, NTR, TLO, TMID,
2 THI ,  T,  NPCP2, A, ITHRM, KERR, LOUT, ISTR)

C
C F i n d s  t h e r m o d y n a m i c  d a t a  a n d  e l e m e n t a l  c o m p o s i t i o n  f o r  s p e c i e s
C I n p u t :  LUNIT -  u n i t  n u m b e r  f o r  i n p u t  o f  t h e r m o  p r o p e r t i e s
C MDIM -  maximum n u m b e r  o f  e l e m e n t s  a l l o w e d
C ENAME (M) ,M=1,MM -  a r r a y  o f  CHARM*) e l e m e n t  names
C MM -  t o t a l  n u m b e r  o f  e l e m e n t s  d e c l a r e d
C AWT(M),M=1,MM -  a r r a y  o f  a t o m i c  w e i g h t s  f o r  e l e m e n t s
C KNAME (K) , K= l ,  KK -  a r r a y  o f  CHARM*) s p e c i e s  names
C KK -  t o t a l  n u m b e r  o f  s p e c i e s  d e c l a r e d
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C LOUT -  o u t p u t  u n i t  f o r  m e s s a g e s
C NT(K) ,K=1 ,KK -  n u m b e r  o f  t e m p e r a t u r e  v a l u e s
C NTR -  n u m b e r  o f  t e m p e r a t u r e  r a n g e s
C O u t p u t :  KNCF(M,K) -  e l e m e n t a l  c o m p o s i t i o n  o f  s p e c i e s  
C KPHSE(K) ,K"=1,KK -  i n t e g e r  a r r a y ,  s p e c i e s  p h a s e
C KCHRG(K) ,K=1,KK -  i n t e g e r  a r r a y  o f  s p e c i e s  c h a r g e
C =0,  i f  n o  e l e c t r o n s ,
C “ ( - 1 ) ‘ n u m b e r  o f  e l e c t r o n s  p r e s e n t
C WTM(K),K=1,KK -  a r r a y  o f  m o l e c u l a r  w e i g h t s  o f  s p e c i e s
C A ( M , L , K ) -  a r r a y  o f  t h e r m o d y n a m i c  c o e f f i c i e n t s
C T (N ) , N = 1 ,N T  -  a r r a y  o f  t e m p e r a t u r e s
C KERR -  l o g i c a l  e r r o r  f l a gc  c
C * * * * * p r e c i s i o n  > d o u b l e

IMPLICIT DOUBLE PRECISION ( A - H , 0 - Z ) ,  INTEGER ( I -N )
*****END p r e c i s i o n  > d o u b l e  
* * * * * p r e c i s i o n  > s i n g l e

IMPLICIT REAL ( A - H , 0 - Z ) ,  INTEGER ( I -N )
*****END p r e c i s i o n  > s i n g l e

DIMENSION WTM(*), N T ( * ) ,  T(MAXTP,* ) ,  KPHSE(* ) ,  KNCF(MDIM,* ) ,  
1 KCHRG( * ) ,  A(NPCP2, NTR,* ) ,  AWT(* ) ; VALUE(5)

CHARACTER ENAME( * ) * ( * )  , KNAME ( * ) * ( * ) ,  L I N E ( 4 ) * 8 0 ,  ELEM*16 
CHARACTER UPCASE*4 ,  IS TR *80 ,  S U B( 8 0 ) *8 0  
LOGICAL KERR, ITHRM(*)

C
I F  (MM.LE.O .OR. KK.LE.O)  WRITE (LOUT, 80)

C
GO TO 20 

10 CONTINUE 
ISTR = 1 '
READ ( L U N IT , ' ( A ) ' ,END=40) ISTR 

20 CONTINUE
ILEN = IPPLEN( ISTR)
I F  (ILEN .L E .  0) GO TO 10

C
CALL CKISUB ( I S T R ( : I L E N ) , SUB, NSUB)
CALL CKCOMP ( S U B ( l ) ,  KNAME, KK, K)
I F  (K .EQ.  0)  THEN

I F  (UPCASE(SUB(1) , 3) .EQ.  'END1 .OR.
1 UPCASE(SUB( 1 ) ,  4) .EQ.  ' REAC' )  RETURN

GO TO 10 
ENDIF

C
I F  ( ITHRM(K)) GO TO 10 
ITHRM(K) = .TRUE.
L I N E (1) = ' '
LINE (1) = ISTR 
DO 25 L = 2 ,  4 

L INE(L)  = ' 1
READ (LUNIT, ' (A) ' ,END=40) LINE (L)

25 CONTINUE
C

ICOL = 20 
DO 60 I  = 1,  5

ICOL -  ICOL + 5
I F  ( I  .EQ.  5)  ICOL = 74
ELEM = L I N E ( 1 ) (ICOL:ICOL+1)
IELEM = 0

C
I F  ( L I N E ( l ) ( ICOL+2: ICOL+4) .NE.  ' ' )  THEN

CALL IPPARR
1 ( L I N E ( l ) ( I C O L + 2 : I C O L + 4 ) , 0 ,  1 ,  VALUE, NVAL, IER,  LOUT)

IELEM = VALUE(1)
ENDIF
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I F  (ELEM.NE. '  ' .AND. IELEM.NE.O) THEN 
I F  (UPCASE(ELEM, 1) .EQ.  ’ E ' )

1 KCHRG(K)=KCHRG(K)+ IELEM*( - 1 )
CALL CKCOMP (ELEM, ENAME, MM, M)
I F  (M .GT.  0) THEN 

KNCF(M,K) -  IELEM
WTM(K) -  WTM(K) + AWT(M)*FLOAT(IELEM)

ELSE
WRITE (LOUT, 100)  ELEM,KNAME(K)( : 1 0 )
KERR = .TRUE.

ENDIF 
ENDIF 

60 CONTINUE
C

I F  (UPCASE(LINE(1) ( 45 :  ) , 1 )  .EQ.  • L* ) KPHSE(K)=1 
I F  (UPCASE(LINE(1) ( 4 5 : ) , 1 )  .EQ.  ’ S ’ ) KPHSE(K)=-1

 C u r r e n t l y  a l l o w s  f o r  t h r e e  t e m p e r a t u r e s ,  tw o  r a n g e s ;
i n  f u t u r e ,  NT(K) may v a r y ,  NTR = N T ( K ) - 1

T ( 1 , K) = TLO
I F  (L I N E ( 1 ) ( 4 6 : 5 5 )  .NE.  1 ’ ) CALL IPPARR

1 ( L I N E ( l ) ( 4 6 : 5 5 ) ,  0,  1 ,  T ( 1 , K ) ,  NVAL, IER,  LOUT)
C

T (2 ,  K) = TMID
I F  (L I N E ( l )  ( 6 6 : 7 3 )  .NE.  1 ' )  CALL IPPARR

1 ( L I N E ( l ) ( 6 6 : 7 3 ) ,  0,  1 ,  T ( 2 , K ) ,  NVAL, IER,  LOUT)
C

T (NT (K) , K) ■= THI
I F  ( L I N E ( l ) ( 5 6 : 6 5 )  .NE.  ' ' )  CALL IPPARR 

1 ( L I N E ( l ) ( 5 6 : 6 5 ) ,  0 ,  1,  T ( N T ( K ) , K ) , NVAL, IER,  LOUT)
C

READ (LINE (2) ( :  75)  , 1 ( 5 E 1 5 .8 )  ' )  (A ( I , NTR, K) , 1 = 1,  5 )
READ (L IN E (3) ( : 7 5 ) ,  1 ( 5 E 1 5 .8 )  ' )

1 (A ( I ,NT R,K)  , 1 = 6 , 7 )  , ( A ( I , 1 , K ) , 1  = 1 , 3 )
READ ( L I N E ( 4 ) ( : 6 0 ) , , ( 4 E 1 5 . 8 ) ' )  (A ( I , 1 , K ) , 1 = 4 , 7 )
GO TO 10

C
4 0 RETURN
80 FORMAT ( 6 X , ' W a r n i n g . . . THERMO c a r d s  m i s p l a c e d  w i l l  b e  i g n o r e d . . . 1) 

100 FORMAT ( 6 X , ' E r r o r . . . e l e m e n t . . . ' , A , ' n o t  d e c l a r e d  f o r . . . ' , A )
END

c---------------------------------------------------------------------------------------------------------------- c
SUBROUTINE CKREAC (LINE, I I ,  KK, KNAME, LOUT, MAXSP, NSPEC, NREAC,

1 NUNK, NU, NPAR, PAR, NTHB, ITHB,
2 NFAL, IFAL,  KFAL, NWL, IWL, WL, KERR)

C
C CKREAC p a r s e s  t h e  m a i n  CHAR*(*) l i n e  r e p r e s e n t i n g  a g a s - p h a s e
C r e a c t i o n ;  f i r s t ,  t h e  r e a l  A r r h e n i u s  p a r a m e t e r s  a r e  l o c a t e d  a nd
C s t o r e d  i n  P A R ( N , I ) , N=l ,NPAR,  w h e r e  I  i s  t h e  r e a c t i o n  n u m b e r ;
C t h e n  a  s e a r c h  i s  made o v e r  t h e  r e a c t i o n  s t r i n g :
C
C r e a c t i o n  I  i s  r e v e r s i b l e ;
C ' = > '  : r e a c t i o n  I  i s  i r r e v e r s i b l e ;
C
C ' ( + [n]KNAME(K)) ' :  r e a c t i o n  I  i s  a  f a l l - o f f  r e a c t i o n ;
C NFAL i s  i n c r e m e n t e d ,  t h e  t o t a l  n u m b e r  o f
C f a l l - o f f  r e a c t i o n s ;
C IFAL(NFAL)=1,  KFAL(NFAL)=K;
C t h i s  s p e c i e s  i s  e l i m i n a t e d  f r o m  c o n s i d e r a t i o n
C a s  a  r e a c t a n t  o r  p r o d u c t  i n  t h i s  r e a c t i o n .
C
C ' ( +M ) ' : r e a c t i o n  I  i s  a  f a l l - o f f  r e a c t i o n ;
C NFAL i s  i n c r e m e n t e d ,  IFAL(NFAL)=1,  KFAL(NFAL)=0;
C
C ' + [n]KNAME(K) ' :  NSPEC(I )  i s  i n c r e m e n t e d ,  t h e  t o t a l  n u m b e r  o f
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C s p e c i e s  f o r  t h i s  r e a c t i o n ;
C n  i s  a n  o p t i o n a l  s t o i c h i o m e t r i c  c o e f f i c i e n t
C o f  KNAME(K), i f  o m i t t e d ,  n = l ;
C i f  t h i s  s t r i n g  o c c u r s  b e f o r e  t h e  = / - ,
C NREAC(I) i s  i n c r e m e n t e d ,  t h e  t o t a l  n u m b e r  o f
C r e a c t a n t s  f o r  t h i s  r e a c t i o n ,  NUNK(N, I)=K,  a n d
C NU(N, I )  «• - n ,  w h e r e  N = l - 3  i s  r e s e r v e d  f o r
C r e a c t a n t s , -
C i f  t h i s  s t r i n g  o c c u r s  a f t e r  t h e  = / - ,
C NUNK(N,I ) -  K, a n d  N U (N , I )  = n ,  w h e r e  N=4-6
C i s  r e s e r v e d  f o r  p r o d u c t s ;
C
C ' +M‘ : I  i s  a  t h i r d - b o d y  r e a c t i o n ;  NTHB i s  i n c r e m e n t e d ,  t h e
C t o t a l  n u m b e r  o f  t h i r d - b o d y  r e a c t i o n s ,  a n d  ITHB(NTHB)=1 .
C
C I n p u t :  LINE -  a CHARM*) l i n e  ( f r o m  d a t a  f i l e )
C I I  -  t h e  i n d e x  o f  t h i s  r e a c t i o n ,  a n d  t h e  t o t a l  nu m b e r
C o f  r e a c t i o n s  f o u n d  s o  f a r .
C KK -  a c t u a l  i n t e g e r  n u m b e r  o f  s p e c i e s
C KNAME (K) ,K=1,KK -  a r r a y  o f  CHARM*) s p e c i e s  names
C LOUT -  o u t p u t  u n i t  f o r  e r r o r  m e s s a g e s
C MAXSP -  maximum n um be r  o f  s p e c i e s  a l l o w e d  i n  r e a c t i o n
C NPAR -  n u m b e r  o f  p a r a m e t e r s  e x p e c t e d
C A ' ! '  w i l l  comment  o u t  a  l i n e ,  o r  r e m a i n d e r  o f  t h e  l i n e .
C
C O u t p u t :  NSPEC -  t o t a l  nu m b e r  o f  r e a c t a n t s + p r o d u c t s  i n  r e a c t i o n
C NREAC -  n u m b e r  o f  r e a c t a n t s
C NUNK -  s p e c i e s  n u m b e r s  f o r  t h e  NSPEC s p e c i e s
C NU -  s t o i c h i o m e t r i c  c o e f f i c i e n t s  f o r  t h e  NSPEC s p e c .
C NFAL -  t o t a l  n u m b e r  o f  f a l l - o f f  r e a c t i o n s
C IFAL -  r e a c t i o n  n u m b e r s  f o r  t h e  NFAL r e a c t i o n s
C KFAL -  3 r d  b o d y  s p e c i e s  n u m b e r s  f o r  t h e  NFAL r e a c t i o n s
C NTHB -  t o t a l  nu m b e r  o f  3 r d - b o d y  r e a c t i o n s
C ITHB -  r e a c t i o n  n u m b e r s  f o r  t h e  NTHB r e a c t i o n s
C NWL -  n u m b e r  o f  r a d i a t i o n - e n h a n c e d  r e a c t i o n s
C IWL -  r e a c t i o n  n u m b e r s  f o r  t h e  NWL r e a c t i o n s
C WL -  r a d i a t i o n  w a v e l e n g t h s  f o r  t h e  NWL r e a c t i o n s
C KERR -  l o g i c a l ,  .TRUE. = e r r o r  i n  d a t a  f i l e
C
C F.  R u p l e y ,  D i v .  8 245 ,  5 / 1 3 / 8 6
C------------------------------------------------------------------------------------------------------------------------------------------- C
C * * * * * p r e c i s i o n  > d o u b l e

IMPLICIT DOUBLE PRECISION ( A - H , 0 - Z ) ,  INTEGER ( I -N )
*****END p r e c i s i o n  > d o u b l e  
* * * * * p r e c i s i o n  > s i n g l e

IMPLICIT REAL ( A - H , 0 - Z ) ,  INTEGER ( I -N )
***+*END p r e c i s i o n  > s i n g l e

DIMENSION NSPEC( * ) ,  NREAC( * ) ,  NUNK(MAXSP,* ) ,  NU(MAXSP,*) ,
1 PAR(NPAR,* ) ,  IF A L (*) , KFAL( * ) ,  ITHB ( * ) ,  IW L(* ) ,  WL( * ) ,
2 I P L U S (20)

CHARACTER KNAME ( * ) * ( * )  , L I N E M * ) ,  INUM(10)*1 ,  UPCASE*4 
CHARACTER*80 ISTR,  IREAC, IPROD, ISPEC,  INAME, ITEMP 
LOGICAL KERR, LTHB, LWL
DATA INUM/10 ' , ' 1 ’ , ' 2 ' , ' 3 ' , ' 4 ' , ' 5 ' ,  ' 6 ' ,  ' 7 ’ , ' 8 ' , ' 9 ' /

LTHB = .FALSE.
LWL = .FALSE.
NSPEC ( I I )  = 0 
NREAC( II )  = 0

------------------- F i n d  NPAR r e a l  p a r a m e t e r s ------------------------------------------------

CALL IPNPAR (LINE,  NPAR, ISTR,  ISTART)
CALL IPPARR ( ISTR,  1,  NPAR, PAR( 1 , 1 1 ) ,  NVAL, IER,  LOUT)
I F  ( IER .NE.  0) KERR *= .TRUE.
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C Remove b l a n k s  f r o m  r e a c t i o n  s t r i n g
C

INAME = ' '
ILEN = 0
DO 10 I  »  1,  ISTART-1

I F  (L IN E ( 1 : 1 )  .NE.  ' ' )  THEN
ILEN = ILEN+1
INAME(ILEN:ILEN) = L I N E ( 1 : 1 )

ENDIF 
10 CONTINUE

C
C F i n d  r e a c t i o n  s t r i n g ,  p r o d u c t  s t r i n g
c

11 = 0
12 «= 0
DO 25 I  -  1 ,  ILEN

I F  ( I I  .LE .  0) THEN
I F  ( INAME ( 1 :1 + 2 )  .EQ.  ' < = > ' )  THEN

11 «= I
12  «* 1+2 
IR  = 1

ELSEIF ( INAME(I :1+ 1 )  .EQ. ' = > ' )  THEN
11 = I
12  =  1+1 
IR  = - 1

ELSEIF ( I . G T . l  .AND. INAME(I : I ) . EQ. ' = '
1 .AND. INAME( 1 - 1 : 1 - 1 )  . NE. 1 = 1) THEN

11 = I
12 = I 
IR  = 1

ENDIF 
ENDIF 

25 CONTINUE
C

I F  ( ILASCH(INAME).GE.45 .AND. I 1 . G T . 0 )  THEN
WRITE (LOUT, 1900 )  I I , I N A M E ( : 1 1 - 1 ) , ( P A R ( N , I I ) , N=1 , NPAR) 
WRITE (LOUT, 1920 )  IN AM E(I I : )

ELSE
WRITE (LOUT, 19 00 )  I I , I N A M E ( : 4 5 )  , ( P A R ( N , I I ) , N=1 , NPAR) 

ENDIF
C

IREAC = ' '
IPROD = ' '
I F  ( I I  .GT.  0) THEN

IREAC = INAME( : 1 1 - 1 )
IPROD = INAME(1 2 + 1 : )

ELSE
C
C d i d  n o t  f i n d  d e l i m i t e r
C

WRITE (LOUT, 660)
KERR = .TRUE.
RETURN

ENDIF
C

I F  ( INDEX(IREAC, ' = > ' ) . G T . 0 .OR. INDEX( IP R O D , 1= > ' ) • GT.0 )  THEN
C
C-------- mor e  t h a n  o n e  1 = > ’
C

WRITE (LOUT, 800 )
KERR = .TRUE.
RETURN

ENDIF
C
C-------- I s  t h i s  a  f a l l - o f f  r e a c t i o n ?
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c

I F  ( INDEX(IREAC, ' ( + ' ) . G T . 0 .OR.  INDEX(IPROD, ' ( + ' ) . GT. 0 )  THEN 
KRTB = 0 
KPTB -  0 
DO 300  J  -  1 ,  2 

ISTR -  ' '
KTB -  0
I F  ( J  .EQ.  1) THEN 

ISTR = IREAC 
ELSE

ISTR -  IPROD 
ENDIF

DO 35 N = 1,  ILASCH(ISTR) - 1
I F  ( ISTR(N:N+1)  .EQ.  ' ( + ' )  THEN

11 = N+2
12 -  I I  + INDEX( I S T R ( I l : ) , ' ) ' ) - 1  
I F  (12 .GT.  I I )  THEN

I F  ( I S T R ( I 1 : I 2 - 1 ) . E Q . ' M '  .OR.
1 I S T R ( I 1 : I 2 - 1 )  . E Q . ' m '  ) THEN

I F  (KTB .NE.  0) THEN 
WRITE (LOUT, 630)
KERR = .TRUE.
RETURN

ELSE
KTB = - 1  

ENDIF
ELSE

CALL CKCOMP ( I S T R ( 11 : 1 2 - 1 ) ,  KNAME, KK, KNUM) 
I F  (KNUM .GT.  0) THEN 

I F  (KTB .NE.  0) THEN 
WRITE (LOUT, 630)
KERR = .TRUE.
RETURN

ELSE
KTB = KNUM 

ENDIF 
ENDIF 

ENDIF
I F  (KTB .NE.  0) THEN 

ITEMP = ' '
I F  ( I I  .EQ.  1) THEN 

ITEMP = I S T R (1 2 + 1 : )
ELSE

ITEMP = I S T R ( : I 1 - 3 ) / / I S T R ( I 2 + 1 : )
ENDIF
I F  ( J  .EQ.  1) THEN 

IREAC = ' '
IREAC = ITEMP 
KRTB = KTB 

ELSE
IPROD = ' '
IPROD « ITEMP 
KPTB «  KTB 

ENDIF 
ENDIF 

ENDIF 
ENDIF

35 CONTINUE
300 CONTINUE

I F  (KRTB.NE.0 .OR.  KPTB.NE.0)  THEN

d o e s  p r o d u c t  t h i r d - b o d y  m a t c h  r e a c t a n t  t h i r d - b o d y

I F  (KRTB.LE.O .AND. KPTB.LE.0 )  THEN
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C

NFAL = NFAL + 1 
IFAL(NFAL) “  I I  
KFAL(NFAL) “  0

LTHB -  .TRUE.
NTHB = NTHB + 1 
ITHB(NTHB) -  I I

ELSEIF (KRTB .EQ.  KPTB) THEN 
NFAL » NFAL + 1 
IFAL (NFAL) “  I I  
KFAL (NFAL) «= KRTB

ELSE

WRITE (LOUT, 640)
KERR = .TRUE.
RETURN

ENDIF
ENDIF

ENDIF

 F i n d  r e a c t a n t s ,  p r o d u c t s -------------------------------------------------

DO 600 J  = 1,  2 
ISTR = ' '
LTHB = .FALSE.
I F  ( J  .EQ.  1) THEN 

ISTR = IREAC 
NS = 0 

ELSE
ISTR = IPROD 
NS = 3 

ENDIF

------------s t o r e  p o i n t e r s  t o  ' + ' - s i g n s

NPLUS = 1 
IPLUS(NPLUS) = 0 
DO 500  L = 2 ,  ILASCH(ISTR) - 1  

I F  ( I S T R ( L : L ) . EQ. 1+ 1) THEN 
NPLUS = NPLUS + 1 
IPLUS(NPLUS) = L 

ENDIF 
CONTINUE
NPLUS = NPLUS + 1
IPLUS(NPLUS) = ILASCH(ISTR)+1

NSTART = 1 
CONTINUE 
N1 = NSTART
DO 510  N = NPLUS, N l ,  - 1  

ISPEC = ' '
ISPEC = I S T R ( I P L U S ( N l )+1 : I P L U S ( N ) - l )

I F  (UPCASE(ISPEC, 1) .EQ.  ' M ' ) THEN 
I F  (LTHB) THEN

WRITE (LOUT, 900)
KERR = .TRUE.
RETURN

ELSEIF (NFAL.GT.0 .AND. IFAL(NFAL) . EQ. I I ) THEN 
WRITE (LOUT, 640)
KERR = .TRUE.
RETURN

ELSE
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LTHB = .TRUE.
I F  (NTHB.EQ.0 .OR.

1 (NTHB.GT.0 .AND. ITHB(NTHB).NE. I I ) )  THEN
NTHB = NTHB + 1 
ITHB(NTHB) = 1 1  

ENDIF
I F  (N .EQ.  NPLUS) GO TO 600 
NSTART = N 
GO TO 505 

ENDIF
C

ELSEIF (UPCASE(ISPEC, 2) .EQ.  'H V ' )  THEN 
I F  (LWL) THEN

WRITE (LOUT, 670)
KERR = .TRUE.
RETURN

ELSE
LWL »  .TRUE.
NWL = NWL + 1 
IWL(NWL) = I I  
WL(NWL) = 1 . 0
I F  ( J  .EQ. 1) WL(NWL) = - 1 . 0
I F  (N .EQ.  NPLUS) GO TO 600
NSTART = N 
GO TO 505 

ENDIF 
ENDIF

C

C--------------------- d o e s  t h i s  s t r i n g  s t a r t  w i t h  a  o n e -  o r  t w o - d i g i t  n u m b e r ?
C

IVAL = 0
CALL CKCOMP ( I S P E C ( 1 : 1 ) ,  INUM, 10 ,  I I )
CALL CKCOMP ( I S P E C ( 2 : 2 ) ,  INUM, 10 ,  12)
I F  ( I I  .GT.  0) THEN

ITEMP = ' '
I F  (12 .GT.  0) THEN

IVAL = 10* ( 1 1 - 1 )  + ( 1 2 - 1 )
ITEMP = I S P E C ( 3 : )

ELSE
IVAL = I 1 -1  
ITEMP = I S P E C ( 2 : )

ENDIF
ISPEC = ' '
ISPEC = ITEMP 

ENDIF
C

CALL CKCOMP (ISPEC,  KNAME, KK, KNUM)
I F  (KNUM .EQ.  0) THEN

I F  ( (N-Nl )  .GT.  1) GO TO 510
WRITE (LOUT, 680)  I S P E C ( : ILASCH(ISP EC ))
KERR = .TRUE.

ELSE
C
C--------------------------- a s p e c i e s  h a s  b e e n  f o u n d
c

IVAL = MAX(IVAL,1)
I F  ( J  .EQ.  1) IVAL = - IVAL
NNUM = 0
DO 111 K = 1,  NS

I F  (KNUM.EQ.NUNK(K,II)  .AND.
1 N U ( K , I I ) / I V A L . G T . 0) THEN

C

C--------------------------------- i n c r e m e n t  s p e c i e s  c o e f f i c i e n t  c o u n t
C

NNUM=K
NU(NNUM,II) = NU(NNUM,II) + IVAL



ENDIF
111 CONTINUE

I F  (NNUM .L E .  0) THEN
C
C--------------------------------- a r e  t h e r e  t o o  many s p e c i e s ?
C

I F  ( J . E Q . l  .AND. NS . EQ .3) THEN 
WRITE (LOUT, 690)
KERR = .TRUE.
RETURN

ELSEIF ( J . E Q . 2  .AND. NS.EQ.MAXSP) THEN 
WRITE (LOUT, 700)
KERR = .TRUE.
RETURN

ELSE
C

C--------------------------------------- i n c r e m e n t  s p e c i e s  c o u n t
C

NS = NS + 1
N S P E C ( I I ) = N S P E C ( I I ) +1 
I F  ( J  .EQ.  1) NREAC(II )  = NS 
NUNK(NS, I I )  = KNUM 
N U ( N S , I I )  = IVAL

ENDIF 
ENDIF 

ENDIF
I F  (N .EQ.  NPLUS) GO TO 600 
NSTART = N 
GO TO 505

C
510 CONTINUE 
60 0 CONTINUE

C
NSPEC ( I I )  = IR *N S PE C ( I I )

C
630 FORMAT ( 6 X , ' E r r o r . . . m o r e  t h a n  o ne  f a l l - o f f  d e c l a r a t i o n . . . ' )
640 FORMAT ( 6 X , ' E r r o r  i n  f a l l - o f f  d e c l a r a t i o n . . . ' )
650 FORMAT ( 6 X , ' E r r o r . . .  r e a c t i o n  s t r i n g  n o t  f o u n d . . . ' )
660 FORMAT ( 6 X , ' E r r o r  i n  r e a c t i o n . . . ' )
670 FORMAT ( 6 X , ' E r r o r  i n  HV d e c l a r a t i o n . . . ' )
680 FORMAT ( 6 X , ' E r r o r . . . u n d e c l a r e d  s p e c i e s . . . ' , A)
690 FORMAT ( 6 X , ' E r r o r . . . m o r e  t h a n  3 r e a c t a n t s . . . ' )
700  FORMAT ( 6 X , ' E r r o r . . .m o r e  t h a n  3 p r o d u c t s . . . ' )
800 FORMAT ( 6 X , ' E r r o r  i n  r e a c t i o n  d e l i m i t e r . . . ' )
900 FORMAT ( 6 X , ' E r r o r  i n  t h i r d - b o d y  d e c l a r a t i o n . . . ' )

C 1900  FORMAT ( 1 4 , ' .  ’ , A , T 5 1 , E 1 0 . 3 , F 7 . 3 , F l l . 3 )
1900 FORMAT ( 1 4 , ' .  ' ,  A, T53 ,  1 P E 8 . 2 ,  2X, 0 P F 5 . 1 ,  2X, F 9 . 1 )
1920  FORMAT (6X,A)

RETURN
END

c ---------------------------------------------------------------------------------------------------------------
SUBROUTINE CKAUXL (SUB, NSUB, I I ,  KK, KNAME, LOUT, MAXSP, NPAR,

1 NSPEC, NTHB, ITHB, NTBS, MAXTB, NKTB, AIK,
2 NFAL, IFAL,  IDUP, NFAR, PFAL, IFOP,  KFAL, NLAN
3 ILAN, NLAR, PLAN, NREV, IREV, RPAR,
4 NRLT, IRLT,  RLAN, NWL, IWL, WL, KERR)

C

C CKAUXL p a r s e s  t h e  a u x i l i a r y  CHAR*(*) l i n e s  r e p r e s e n t i n g
C a d d i t i o n a l  o p t i o n s  f o r  a  g a s - p h a s e  r e a c t i o n ;  d a t a  i s  s t o r e d
C b a s e d  on  f i n d i n g  a  ' k e y w o r d '  f o l l o w e d  by  i t s  r e q u i r e d
C p a r a m e t e r s :
C
C K N A M E ( K ) / v a i l / : t h i s  i s  a n  e n h a n c e d  t h i r d - b o d y ;
C
C i f  ITHB(NTHB) <> I ,  t h i s  i s  a n  e r r o r ,  r e a c t i o n  I i s  n o t  a
C t h i r d - b o d y  r e a c t i o n ;
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e l s e  NTBS(NTHB) i s  i n c r e m e n t e d ,
AIK(NTBS(NTHB), NTHB) = K,
NKTB(NTBS(NTHB)) , NTHB) = v a i l ;

C (LOW,TROE, a n d  SRI  d e f i n e  f a l l - o f f  d a t a ) :
C
C L O W / v a l l  v a l 2  v a l 3 / :  PFAL(N,NFAL) -  v a l ( N ) , N=1 , 3 ;
C
C i f  IFAL(NFAL)<>I ,  t h i s  i s  an  e r r o r ,  r e a c t i o n  I  i s  n o t  a
C f a l l - o f f  r e a c t i o n ;
C i f  ILAN(NLAN)=1 ,  t h i s  i s  a n  e r r o r ,  c a n n o t  h a v e  T -L  n u m b e r s .
C i f  IRLT(NRLT)= 1 ,  t h i s  i s  a n  e r r o r ,  "
C i f  IREV(NREV)=1,  t h i s  i s  a n  e r r o r ,  c a n n o t  d e c l a r e  r e v e r s e
C p a r a m e t e r s ;
C i f  IFOP(NFAL)>0,  t h i s  i s  a n  e r r o r ,  LOW a l r e a d y  d e c l a r e d ;
C e l s e
C IFOP (NFAL) «* ABS (IFOP (NFAL) )
C
C T R O E / v a l l  v a l 2  v a l 3  [ v a l 4 ] / :  PFAL(N,NFAL) = v a l ( N ) , N=4 , 7 ;
C
C i f  IFAL(NFAL)<>I ,  t h i s  i s  a n  e r r o r ,  r e a c t i o n  I  i s  n o t  a
C f a l l - o f f  r e a c t i o n ;
C i f  ILAN(NLAN)=1 ,  t h i s  i s  a n  e r r o r ,  c a n n o t  h a v e  T -L  n u m b e r s .
C i f  IRLT(NRLT)=1 ,  t h i s  i s  a n  e r r o r ,  "
C i f  IREV(NREV)=1 ,  t h i s  i s  a n  e r r o r ,  c a n n o t  d e c l a r e  r e v e r s e
C p a r a m e t e r s ;
C i f  ABS( IFOP(NFAL) ) . G T . l ,  t h i s  i s  a n  e r r o r ,
C e l s e
C  i f  3 TROE v a l u e s ,  IFOP(NFAL) = 3* IFO P(N FAL ) ;
C i f  4 TROE v a l u e s ,  IFOP(NFAL) = 4* IFO P(N FAL ) ;
C
C S R I / v a l l  v a l 2  v a l 3 / :  PFAL(N,NFAL) = v a l ( N ) , N=4 , 6 ;
C
C i f  IFAL(NFAL)<>I ,  t h i s  i s  a n  e r r o r ,  r e a c t i o n  I  i s  n o t  a
C f a l l - o f f  r e a c t i o n ;
C i f  ILAN(NLAN)=1 ,  t h i s  i 3  a n  e r r o r ,  c a n n o t  h a v e  T -L  n u m b e r s .
C i f  IRLT(NRLT)=1,  t h i s  i s  a n  e r r o r ,
C i f  IREV(NREV)=1 ,  t h i s  i s  a n  e r r o r ,  c a n n o t  d e c l a r e  r e v e r s e
C p a r a m e t e r s ;
C i f  ABS( IFOP(NFAL) ) > 1 ,  t h i s  i s  a n  e r r o r ;
C e l s e
C i f  IFOP(NFAL)= 2* IF O P (N FA L ) ;
C
C L T / v a l l  v a l 2 / :
C i f  IFAL(NFAL)=1 ,  t h i s  i s  a n  e r r o r ,  c a n n o t  h a v e  f a l l - o f f  an d
C T-L  n u m b e r s ;
C e l s e  i n c r e m e n t  NLAN, t h e  n u m b e r  o f  T -L  r e a c t i o n s ,
C ILAN(NLAN)=1,  P L AN(N ,NLA N)= va l (N ) , N=1 ,2
C i f  IREV(NREV)=1 ,  n e e d  IRLT(NRLT)=1 .
C
C R E V [ E R S E ] / v a i l  v a l 2  v a l 3 /  :
C i f  IFAL(NFAL)=1 ,  t h i s  i s  a n  e r r o r ;
C i f  IREV(NREV)=1,  t h i s  i s  a n  e r r o r ,  REV a l r e a d y  d e c l a r e d ;
C i f  NSPEC( I )< 0 ,  t h i s  a n  e r r o r ,  a s  I  i s  i r r e v e r s i b l e ;
C e l s e  i n c r e m e n t  NREV, t h e  n u m b e r  o f  r e a c t i o n s  w i t h  r e v e r s e
C p a r a m e t e r s  g i v e n ,
C IREV(NREV)=1 ,  R P AR (N ,N R E V) =v a l ( N) , N=1, 3 ;
C i f  ILAN(NLAN)=1,  n e e d  IRLT(NRLT)=1 ;
C i f  IRLT(NRLT)=1 ,  n e e d  ILAN(NRLT)=1 .
C
C R L T / v a l 1 v a l 2 / :
C i f  IFAL(NFAL)=1 ,  t h i s  i s  a n  e r r o r ,  c a n n o t  h a v e  f a l l - o f f  a n d
C T -L  n u m b e r s ;
C i f  IRLT(NRLT)=1 ,  t h i s  i s  a n  e r r o r ,  RLT a l r e a d y  d e c l a r e d ;
C e l s e  i n c r e m e n t  NRLT, t h e  n u m b e r  o f  r e a c t i o n s  w i t h  BOTH
C r e v e r s e  p a r a m e t e r s  g i v e n ,  a n d  T -L  n u m b e r s ;
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C IR L T( N R L T) - I ,  R LA N( N,N RLT )= va l (N ) , N=1, 2 ;
C i f  IREV(NREV)<>I , n e e d  IREV(NREV)=1 ;
C i f  ILAN(NREV)<>I ,  n e e d  ILAN(NLAN)=1 ;
C
C DU P L IC AT E ] :
C T h i s  r e a c t i o n  i s  a l l o w e d  t o  b e  d u p l i c a t e d .
C
C I n p u t :  LINE -  CHAR*(*) a u x i l i a r y  i n f o r m a t i o n  s t r i n g
C KK -  t o t a l  n u m b e r  o f  s p e c i e s  d e c l a r e d
C KNAME- CHAR*(*)  s p e c i e s  nam es
C LOUT -  o u t p u t  u n i t  f o r  e r r o r  m e s s a g e s
C MAXSP- maximum t h i r d  b o d i e s  a l l o w e d  i n  a  r e a c t i o n
C O u t p u t :  NTHB -  t o t a l  n u m b e r  o f  r e a c t i o n s  w i t h  t h i r d  b o d i e s
C ITHB -  a r r a y  o f  t h i r d - b o d y  r e a c t i o n  n u m b e r s
C AIK -  n o n - z e r o  t h i r d  b o d y  e n h a n c e m e n t  f a c t o r s
C NKTB -  a r r a y  o f  s p e c i e s  n u m b e r s  f o r  t h e  t h i r d  b o d y
C e n c h a n c e m e n t  f a c t o r s
C NFAL -  t o t a l  n u m b e r  o f  f a l l - o f f  r e a c t i o n s
C IFAL -  a r r a y  o f  f a l l - o f f  r e a c t i o n  n u m b e r s
C IFOP -  a r r a y  o f  f a l l - o f f  t y p e
C PFAL -  f a l l - o f f  p a r a m e t e r s
C NLAN -  t o t a l  n u m b e r  o f  L a n d a u - T e l l e r  r e a c t i o n s
C ILAN -  a r r a y  o f  T - L  r e a c t i o n  n u m b e r s
C NLAR -  n u m b e r  o f  L a n d a u - T e l l e r  n u m b e r s  a l l o w e d
C PLAN -  a r r a y  o f  L a n d a u - T e l l e r  n u m b e r s
C NRLT -  t o t a l  n u m b e r  o f  ' r e v e r s e '  T - L  r e a c t i o n s
C IRLT -  a r r a y  o f  ' r e v e r s e '  T -L  r e a c t i o n  n u m b e r s
C RLAN -  a r r a y  o f  ' r e v e r s e '  L a n d a u - T e l l e r  n u m b e r s
C NWL -  t o t a l  n u m b e r  o f  r a d i a t i o n - e n h a n c e d  r e a c t i o n s
C IWL -  a r r a y  o f  r a d i a t i o n - e n h a n c e d  r e a c t i o n  n u m b e r s
C WL -  a r r a y  o f  w a v e l e n g t h s
C KERR -  l o g i c a l ,  = .TRUE, i f  e r r o r  f o u n d
C F .  R u p l e y ,  D i v .  8 2 4 5 ,  5 / 2 7 / 8 7
C --------------------------------------------------------------------------------------------------------------------------------------------C
C** * * ‘ p r e c i s i o n  > d o u b l e

IMPLICIT DOUBLE PRECISION ( A - H , 0 - Z ) ,  INTEGER ( I - N)
C*****END p r e c i s i o n  > d o u b l e  
C * * * * * p r eCi s i o n  > s i n g l e
C IMPLICIT REAL ( A - H , 0 - Z ) ,  INTEGER ( I - N)
C*****END p r e c i s i o n  > s i n g l e  
c

DIMENSION NSPEC( * ) ,  ITHB ( * ) ,  NTBS( * ) ,  NKTB(MAXTB,* ) ,  I D U P ( * ) ,
AIK(MAXTB, *) , I F A L ( * ) ,  KFAL(*) , I F O P ( * ) ,  PFAL(NFAR,* ) ,  
ILAN(*) , PLAN(NLAR,*) , IR E V ( * ) ,  RPAR(NPAR,* ) ,  I R L T ( * ) ,  
RLAN(NLAR,* ) ,  IW L (* ) ,  WL(* ) ,  VAL(l )

CHARACTER SUB( * ) * ( * ) ,  KNAME( * ) * ( * ) ,  KEY*80, RSTR*80,  UPCASE*4
CHARACTER SUB_CH ( 8 0 ) * 8 0 , RSTR_CH*80,LINE_CH*80
LOGICAL KERR, LLAN, LRLT, LTHB, LFAL, LTRO, LSRI ,  LWL, LREV

C
LTHB = (NTHB.GT.O .AND. ITHB(NTHB). E Q . I I )
LFAL = (NFAL.GT.0 .AND. IFAL (NFAL) . E Q . I I )
LWL = (NWL . G T .0 .AND. IWL(NWL) . E Q . I I )
LREV = (NREV.GT. 0  .AND. IREV(NREV). E Q . I I )
LLAN = (NLAN.GT.0 .AND. ILAN(NLAN). E Q . I I )
LRLT = (NRLT.GT.0 .AND. IRLT(NRLT) . E Q . I I )
LTRO = (NFAL.GT.0 .AND. IFAL (NFAL). E Q . I I  .AND. IFOP(NFAL) . GT.2 )
LSRI = (NFAL.GT.0 .AND. IFAL(NFAL) . E Q . I I  .AND. IF O P (N F AL ) . EQ.2 )

C
DO 50 0  N «= 1,  NSUB

ILEN = ILASCH(SUB(N))
KEY = ' '
I F  ( UPCASE(SUB(N), 3)  .EQ.  'D U P ' )  THEN 

ID U P ( I I )  = - 1  
WRITE (LOUT, 4000 )
GO TO 500  

ELSE
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11 -  INDEX(SUB(N), ' / '  )
12 = INDEX(SUB(N) ( 1 1 + 1 : ) ,  ’ / ' )
I F  ( I 1 . L E . 0  .OR.  I 2 . L E . 0 )  THEN

KERR = .TRUE.
WRITE (LOUT, 20 90 )  SU B ( N ) ( : ILEN)
GO TO 500 

ENDIF
KEY = SUB(N) ( :  I I —1)
RSTR *« ' '
RSTR = SUB(N) ( 1 1 + 1 : 1 1 + 1 2 - 1 )

ENDIF
c  * * * * * * * * * * * * * * W IN G  g / 1 6 / 9 5 * * * * * * * * * * * * * * * * * * * * * * *

I F  (UPCASE(KEY, 3 ) . E Q . 'L O W '  .OR.
UPCASE(KEY, 4 ) . E Q . ' T R O E ' . O R .
UPCASE(KEY, 4 ) . E Q . ' E X T R ' . O R .
UPCASE(KEY, 4 ) . E Q . ' C H E B ' . O R .
UPCASE(KEY, 3 ) . E Q . ' S R I ' )  THEN 

C
C FALL-OFF DATA
C

I F  ( ( .NOT.LFAL)  .OR.  LLAN .OR. LRLT .OR. LREV) THEN 
KERR = .TRUE.
I F  ( .NOT. LFAL) WRITE (LOUT, 1050)  S U B ( N ) ( : ILEN)
I F  (LLAN) WRITE (LOUT, 1060)  SUB(N) ( :  ILEN)
I F  (LRLT) WRITE (LOUT, 1070)  SUB(N) (:  ILEN)
I F  (LREV) WRITE (LOUT, 1090)  S U B ( N ) ( : ILEN)

ELSE
C

I F  (UPCASE(KEY, 3)  .EQ.  'LOW') THEN 
I F  (IFOP(NFAL) .GT.  0) THEN

WRITE (LOUT, 2 00 0 )  S U B ( N ) ( : ILEN)
KERR «= .TRUE.

ELSE
IFOP(NFAL) = ABS( IFOP(NFAL) )
CALL IPPARR (RSTR, 1 , 3 , PFAL(1,NFAL) ,NVAL, IER,I,OUT) 
I F  ( IER .NE.  0) KERR = .TRUE.
WRITE (LOUT, 30 50 )  (PFAL(L ,NFAL), L = 1 , 3 )

ENDIF
C

ELSEIF (UPCASE(KEY, 4) .EQ. 'TROE' )  THEN 
I F  (LTRO .OR.  LSRI )  THEN 

KERR = .TRUE.
I F  (LTRO) WRITE (LOUT, 2010)  S U B ( N ) ( : ILEN)
I F  (LSRI)  WRITE (LOUT, 2030)  S U B ( N ) ( : ILEN)

ELSE
LTRO = .TRUE.
CALL IPPARR (RSTR,1 , - 4 , PFAL(4 , NFAL) , NVAL,IER,LOUT) 
I F  (NVAL .EQ.  3)  THEN

IFOP(NFAL) = 3 * IFOP(NFAL)
WRITE (LOUT, 30 80 )  (PFAL(L,NFAL) , L = 4 , 6 )

ELSEIF (NVAL .EQ.  4) THEN 
IFOP (NFAL) ■= 4*IFOP (NFAL)
WRITE (LOUT, 30 90 )  ( PFAL(L,NFAL), L = 4 , 7 )

ELSE
WRITE (LOUT, 2020 )  S U B ( N ) ( : ILEN)
KERR ■= .TRUE.

ENDIF
ENDIF

C
C * * * * * * * * * * * * * ING 8 / 1 0 / 9 5 * * * * * * * * * * * * * * * * * * * * * * *

ELSEIF (UPCASE(KEY, 4) .EQ.  'CHEB')  THEN 
C LTRO = .TRUE.

CALL IPPARR (RSTR,1 , - 8 , PF AL(4 ,NFAL) , NVAL,IER,LOUT) 
N_CHEB = PFAL( 4 , NFAL)
M_CHEB -  PFAL( 5 , NFAL)
NPARA CHEB = N CHEB*M CHEB + 2
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INDEX_CHEB «  0 
IFOP(NFAL) «* 6* IF0P(NFAL)  

c w r i t e ( * , * )  ' . . N F A L . . I F O P . . . 1, NFAL, IFOP(NFAL)
C WRITE( * , 1 . . NPARA_CHEX. . ' )
C CALL IPPARR (RSTR,1 , - 5 , PFAL(4,  NFAL) , NVAL,IER,LOUT)

INDEX_CHEB -  INDEX_CHEB + NVAL 
C WRITE (LOUT, 2028 )  SUB_CH(N)( : ILEN)
c  WRITE( * , * ) '  . .NPARA. . INDEX. .NVAL. ' ,NPARA_CHEB,NVAL
c  WRITE( * , * ) ' . . . N . . . M . . . ’ ,N_CHEB,M_CHEB

WRITE (LOUT, 30 98 )  (PFAL (I,, NFAL) , L=4 , NVAL+3)
101 CONTINUE

LINE_CH = ' '
READ (5 ,  ' (A) ' )  LINE_CH

c  WRITE( * , * ) '  . . L INE_CH. . '
c  WRITE(* ,* )L INE_CH
C

ILEN = IPPLEN(LINE_CH)
CALL CKISUB (LINE_CH( : I L E N ) , SUB_CH, NSUB_CH)

C KEY -  ’ '
DO 151 N_CH = 1,  NSUB_CH

IILEN = ILASCH(SUB_CH(NSUB_CH)) 
c  WRITE( * , * ) '  NSUB_CH = ' ,NSUB_CH
c WRITE( * , * ) SUB_CH(NSUB_CH)

111 = INDEX(SUB_CH(NSUB_CH),  ' / ' )
112 = INDEX(SUB_CH(NSUB_CH)(I I1 + 1 : ) , ' / ' )  

c  WRITE( * , * ) '  I I I . . 1 1 2 . I l l , 112
I F  ( I I I . L E . 0 .OR. I I 2 . L E . 0 )  THEN 

KERR = .TRUE.
WRITE (LOUT, 2090 )  SUB_CH(N_CH)( : I ILEN)

C GO TO 199
ENDIF

C KEY = SUB(N) ( :  1 1 - 1 )
RSTR_CH = ' '
RSTR_CH = SUB_CH(NSUB_CH)( 1 1 1 + 1 : 1 1 1 + 1 1 2 - 1 )  

c  WRITE(*,*)RSTR_CH
CALL IPPARR (RSTR_CH,1 , - 8 , PFAL( INDEX_CHEB+4, NFAL)

2 , NVAL,IER,LOUT)
c WRITE( * , * )  ' . . . INDE X. .NV AL. . '  , INDEX_CHEB,NVAL
c  WRITE(*,  *) ' . . . I E R . . =  1 , IER
C INDEX_CHEB = INDEX_CHEB + NVAL

WRITE (* ,  309 8 )  (PFAL(L,NFAL) , L=INDEX_CHEB+4 
2 ,NVAL+INDEX_CHEB+3)

WRITE (LOUT, 3098 )  (PFAL(L,NFAL) , L=INDEX_CHEB+4 
2 , NVAL+INDEX_CHEB+3)

INDEX_CHEB = INDEX_CHEB + NVAL 
c WRITE(*,  *) ' . . I N D E X . . . ' , INDEX_CHEB
151 CONTINUE

I F  (INDEX_CHEB.LT.NPARA_CHEB) GOTO 101 
199 CONTINUE

I F  (INDEX_CHEB .EQ.  NPARA_CHEB) THEN
C

ELSE
WRITE (LOUT, 2028 )  SUB_CH(N)( : ILEN)
KERR «= .TRUE.

ENDIF
c  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

C * * * * * * * * * * * * * XNG 6 / 1 6 / 9 5 * * * * * * * * * * * * * * * * * * * * * * *
ELSEIF (UPCASE(KEY, 4) .EQ. 1EXTR' )  THEN 

I F  (LTRO .OR. LSRI)  THEN 
KERR -  .TRUE.
I F  (LTRO) WRITE (LOUT, 20 15 )  SU B ( N ) ( : ILEN)
I F  (LSRI)  WRITE (LOUT, 20 35 )  S UB( N) ( : ILEN)

ELSE
LTRO = .TRUE.
CALL IPPARR (RSTR,1 , - 5 , PFAL(4,NFAL) ,NVAL, IER,LOUT)
I F  (NVAL .EQ.  5)  THEN
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IFOP (NFAL) “ 5AIF0P (NFAL)
WRITE(*,*)IFOP(NFAL)

WRITE (LOUT, 3095) (PFAL(L,NFAL),L=4,8) 
ELSE

WRITE (LOUT, 2025) SUB(N)(:ILEN)
KERR = .TRUE.

ENDIF
ENDIF

ELSEIF (UPCASE(KEY, 3) .EQ. 'SRI') THEN 
IF (LTRO .OR. LSRI) THEN 

KERR = .TRUE.
IF (LTRO) WRITE (LOUT, 2030) SUB(N)(:ILEN)
IF (LSRI) WRITE (LOUT, 2040) SUB(N)(:ILEN)

ELSE
LSRI - .TRUE.
IFOP(NFAL) = 2*1FOP(NFAL)
CALL IPPARR (RSTR,1,-5,PFAL(4,NFAL),NVAL,IER,LOUT) 
IF (NVAL .EQ. 3) THEN 

PFAL(7,NFAL) = 1 . 0  
PFAL(8,NFAL) = 0.0
WRITE (LOUT, 3060) (PFAL(L,NFAL),L=4,6)

ELSEIF (NVAL .EQ. 5) THEN
WRITE (LOUT, 3070) (PFAL(L,NFAL),L=4,8)

ELSE
WRITE (LOUT, 2020) SUB(N)(:ILEN)
KERR = .TRUE.

ENDIF 
ENDIF 

ENDIF 
ENDIF

C
ELSEIF (UPCASE(KEY, 3) .EQ. 'REV') THEN

REVERSE ARRHENIUS PARAMETERS

IF (LFAL .OR. LREV .OR. NSPEC(II).LT.0) THEN 
KERR = .TRUE.
IF (LFAL) WRITE (LOUT, 1090) SUB(N)(:ILEN)
IF (LREV) WRITE (LOUT, 2050) SUB(N)(:ILEN)
IF (NSPEC(II) .LT. 0) WRITE (LOUT, 2060) SUB(N)(:ILEN) 

ELSE
LREV = .TRUE.
NREV = NREV+1 
IREV(NREV) “ II
CALL IPPARR (RSTR, 1, NPAR,RPAR(1,NREV),NVAL,IER,LOUT)
IF (IER .NE. 0) KERR = .TRUE.
WRITE (LOUT, 1900) ' Reverse Arrhenius coefficients:',

1 (RPAR(L,NREV),L=1,3)
ENDIF

ELSEIF (UPCASE(KEY, 3) .EQ. 'RLT') THEN

REVERSE LANDAU-TELLER PARAMETERS
IF (LFAL .OR. LRLT .OR. NSPEC(II).L T .0) THEN 

KERR = .TRUE.
IF (LFAL) WRITE (LOUT, 1070) SUB(N)(:ILEN)
IF (LRLT) WRITE (LOUT, 2080) SUB(N)(:ILEN)
IF (NSPEC(II) .LT. 0) WRITE (LOUT, 1080) SUB(N)(:ILEN) 

ELSE
LRLT = .TRUE.
NRLT = NRLT + 1 
IRLT(NRLT) = II
CALL IPPARR (RSTR,1,NLAR,RLAN(1,NRLT),NVAL,IER,LOUT)
IF (IER .NE. 0) KERR = .TRUE.

C

*  *  *  *
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WRITE (LOUT, 3040) (RLAN(L,NRLT),L=1,2)
ENDIF

C
ELSEIF (UPCASE(KEY, 2) .EQ. 'HV') THEN

RADIATION WAVELENGTH ENHANCEMENT FACTOR
IF (.NOT.LWL) THEN

WRITE (LOUT, 1000) SUB(N)(:ILEN)
KERR - .TRUE.

ELSE
CALL IPPARR (RSTR,1,1,VAL,NVAL,IER,LOUT)
IF (IER .EQ. 0) THEN

WL(NWL) « WL(NWL)*VAL(1)
WRITE (LOUT, 3020) ABS(WL(NWL))

ELSE
WRITE (LOUT, 1000) SUB(N)(:ILEN)
KERR = .TRUE.

ENDIF 
ENDIF

ELSEIF (UPCASE(KEY, 2) .EQ. 'L T ') THEN

LANDAU-TELLER PARAMETERS

IF (LFAL .OR. LLAN) THEN 
KERR = .TRUE.
IF (LFAL) WRITE (LOUT, 1060) SUB(N)(:ILEN)
IF (LLAN) WRITE (LOUT, 2070) SUB(N)(:ILEN)

ELSE
LLAN = .TRUE.
NLAN = NLAN + 1 
ILAN(NLAN) = II
CALL IPPARR (RSTR, 1,NLAR,PLAN(1,NLAN),NVAL,IER,LOUT) 
IF (IER .NE. 0) THEN

WRITE (LOUT, 1010) SUB(N)(:ILEN)
KERR = .TRUE.

ENDIF
WRITE (LOUT, 3000) (PLAN(L,NLAN),L=l,2)

ENDIF

ELSE

ENHANCED THIRD BODIES
CALL CKCOMP (KEY, KNAME, KK, K)
IF (K .EQ. 0) THEN

WRITE (LOUT, 1040) K E Y (:ILASCH(KEY))
KERR = .TRUE.

ELSE
IF (.NOT.LTHB) THEN 

KERR = .TRUE.
WRITE (LOUT, 1020) SUB(N)(:ILEN)

ELSE
IF (NTBS(NTHB) .EQ. MAXTB) THEN 

KERR = .TRUE.
WRITE (LOUT, 1030) SUB(N)(:ILEN)

ELSE
CALL IPPARR (RSTR, 1, 1, VAL, NVAL, IER, LOUT) 
IF (IER .EQ. 0) THEN

WRITE (LOUT, 3010) KNAME(K),V A L (1)
NTBS (NTHB) ■= NTBS (NTHB) + 1 
NKTB(NTBS(NTHB),NTHB) = K 
AIK(NTBS(NTHB),NTHB) = VAL (1)

ELSE
WRITE (LOUT, 1020) SUB(N)(:ILEN)



o
n

n
n

n
 

o
o

o
o

394

KERR
ENDIF

ENDIF
ENDIF

ENDIF
ENDIF

.TRUE.

500 CONTINUE
C
C FORMATS
C
1000 FORMAT (6X 
1010 FORMAT (6X 
1020 FORMAT (6X 
1030 FORMAT (6X 
1040 FORMAT (6X 
1050 FORMAT (6X 
1060 FORMAT (6X 
1070 FORMAT (6X 
1080 FORMAT (6X 
1090 FORMAT (6X 
2000 FORMAT (6X 
2010 FORMAT (6X 
2015 FORMAT (6X 
2020 FORMAT (6X 
2025 FORMAT (6X 
2028 FORMAT (6X 
2030 FORMAT (6X 
2035 FORMAT (6X 
2040 FORMAT (6X 
205 0 FORMAT (6X 
2060 FORMAT (6X 
2070 FORMAT (6X 
2080 FORMAT (6X 
2090 FORMAT (6X 
3000 FORMAT (9X 
3010 FORMAT (9X 
3020 FORMAT (9X 

C 1900 FORMAT 
1900 FORMAT (6X 
3040 FORMAT (9X 

1
3050 FORMAT (6X 
3060 FORMAT (6X 
3070 FORMAT (6X 
3080 FORMAT (6X 
3090 FORMAT (6X 
3095 FORMAT (6X 
3098 FORMAT (6X 
4 000 FORMAT (6X 

END

/ A)

'Error in HV declaration...1,A)
'Error in LT d e c l a r a t i o n . A )
'Error in third body d e c l a r a t i o n . A )
'Error...more than MAXTB third bodies...
'Error...undeclared species.. . ' ,A)
'Error...this is not a fall-off reaction...1,A)

.LT declared in fall-off reaction...1,A)

.RLT declared in fall-off r e a c t i o n . A )

.RLT declared in irreversible r e a c t i o n . A )  
• REV declared in fall-off reaction... 1,A)
.LOW declared more than once...',A)
.TROE declared more than once...',A)
.EXTROE declared more than once...',A)

'Error in fall-off parameters... 1,A)
'Error in EXTROE fall-off parameters... 1,A)
'Error in CHEB fall-off parameters... 1,A)
'Error...cannot use both TROE and SRI...',A)

.cannot use TROE, EXTROE or SRI...',A)

.SRI declared more than once...',A)

.REV declared more than once...',A)
•REV declared for irreversible reaction.
.LT declared more than once...',A)
•RLT declared more than once.

'Error in auxiliary data...',A)
'Landau-Teller parameters: B=',E12.5,
A16, ' Enhanced by \1PE12.3)
'Radiation wavelength (A): ',F10.2) 

(6X,A,T51,E10.3,F7.3,F11.3)
A, T53, 1PE8.2, 2X, 0PF5.1, 2X, F9.1)
'Reverse Landau-Teller parameters: B=',E12.5,
', C=',E12.5)
'Low pressure limit:',3E13.5)

'Error., 
'Error.. 
'Error.. 
'Error.. 
'Error.. 
'Error.. 
'Error..

'Error., 
'Error., 
'Error., 
'Error.. 
'Error., 
'Error..

, A)

, A)
, E12 . 5)

'SRI centering: 
'SRI centering: 
'TROE centering: 
'TROE centering: 
'EXTROE centering: 
'CHEB Polynomials:

' ,3E13.5) 
',5E13.5) 
',3E13.5) 
',4E13.5) 
' ,5E13.5) 
',8E13.5)

'Declared duplicate reaction...')

SUBROUTINE CKPRNT (MDIM, MAXTP, MM, ENAME, KK, KNAME, WTM,
1 KPHSE, KCHRG, NT, T, TLO, TMID, THI, KNCF,
2 ITHRM, LOUT, KERR)
Prints species interpreter output and checks f o r  c o m p l e t e n e s s .

*****preCision > double
IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N)

*****END precision > double 
*****precision > single

IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)
*****END precision > single

DIMENSION W T M (*), KPHSE(*), KCHRG(*), T(MAXTP,*),
1 N T (*), KNCF(MDIM,*), IPLUS(10)
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LOGICAL KERR, ITHRM(*)
CHARACTER ENAME{*)*(*) , KNAME(*)*(*), IPHSE(3)*1, INUM(10)*1 
DATA IPHSE/'S','G','L'/
DATA INUM/,0 ,,,l ,,'2,, ,3',,4 ,, ,5 ,, ,6 ,, ,7 ,, ,8 ,,l9 7

C
WRITE (LOUT, 400) (ENAME(M), M  - 1, MM)
WRITE (LOUT, 300)

C
DO 100 K = 1, KK

C
IF (T(1, K) .LT. 0.0) T (1,K) = TLO
IF (T(2, K) .LT. 0.0) T(2,K) = TMID
IF (T(3, K) .LT. 0.0) T(NT(K),K) - THI
WRITE (LOUT, 500) K, KNAME(K), IPHSE(KPHSE(K)+2) , KCHRG(K),

1 WTM(K), T (1,K), T(NT(K),K), (KNCF(M, K),M=1
IF (T(1, K) .GE. T(NT(K) , K)) THEN 

KERR - .TRUE.
WRITE (LOUT, 240)

ENDIF
IF (T(1, K) .GT. T (2,K)) THEN 

WRITE (LOUT, 250)
KERR = .TRUE.

ENDIF
IF (T(NT(K),K) .LT. T(2,K)) THEN 

WRITE (LOUT, 260)
KERR = .TRUE.

ENDIF

each species must have thermodynamic data

IF (.NOT. ITHRM(K)) THEN 
KERR = .TRUE.
WRITE (LOUT, 200)

ENDIF
a species cannot start with a number
CALL CKCOMP (KNAME(K) (: 1), INUM, 10, I)
IF (I .GT. 0) THEN 

KERR = .TRUE.
WRITE (LOUT, 210)

ENDIF
C
C if '+' sign is used in a species name,
C examples of legal species symbols with + are:
C O H (+)2, O H (+2), OH+, OH++, OH+++, OH(+), OH(++),
C OH[+0H], OH2+, OH+2
C
C examples of illegal species symbols with + are:
C +OH (symbol starts with a +, this will cause
C confusion in a reaction)
C OH(+OH) (symbol in parentheses is another species-
C this arrangement is reserved for a fall-off
C reaction)
C OH+OH (plus delimits other species names, this
C will cause confusion in a reaction)
C

NPLUS = 0
DO 50 N = 1, ILASCH(KNAME(K))

IF (KNAME(K)(N:N) .EQ. ’+') THEN 
NPLUS = NPLUS + 1 
IPLUS (NPLUS) *• N 

ENDIF 
50 CONTINUE

DO 60 N = 1, NPLUS 
II = IPLUS(N)

, MM)
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55

60

100

IF (II .EQ. 1) THEN 
WRITE (LOUT, 220)
KERR = .TRUE.

ELSE
is there another species name in parentheses
IF (KNAME(K)(11-1:11-1) .EQ. '(') THEN

11 -  I I  + 1
12 = II + INDEX(KNAME(K) (II:), ')')-l 
IF (12 .GT. II) THEN

CALL CKCOMP (KNAME(K) (II: 12-1), KNAME, KK, KNUM) 
IF (KNUM .GT. 0) THEN 

WRITE (LOUT, 230)
KERR = .TRUE.

ENDIF
ENDIF

ENDIF
is there another species name after a +
11 -  I I  + 1
IF (N -LT. NPLUS) THEN 

DO 55 L » N+l, NPLUS 
12 = IPLUS(L)
IF (12 .GT. II) THEN

CALL CKCOMP (KNAME(K) (11:12-1), KNAME,KK,KNUM) 
IF (KNUM .GT. 0) THEN 

WRITE (LOUT, 230)
KERR = .TRUE.

ENDIF
ENDIF

CONTINUE
ENDIF

12 = ILASCH(KNAME(K))
IF (12 .GE. II) THEN

CALL CKCOMP (KNAME(K)(II:12), KNAME, KK, KNUM)
IF (KNUM .GT. 0) THEN 

WRITE (LOUT, 230)
KERR = .TRUE.

ENDIF
ENDIF

ENDIF
CONTINUE

CONTINUE
WRITE (LOUT, 300)
RETURN

200
210
220
230
240
250
260
300
400

500

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

1
2
3
4
FORMAT

(6X, 
(6X, 
(6X,

-no thermodynamic properties for species') 
•species starts with a number1)
.species starts with a plus')
.illegal + in species name')
.High temperature must be < Low temperature') 
.Low temperature must be <= Mid temperature') 
•High temperature must be => Mid temperature')

'A' .

Error..
Error..
Error..

(6X,'Error..
(6X,'Error..
(6X,'Error..
(6X,'Error..
(IX,79(■-•)}
(IX,79('-'),/21X, 'C ',/18X, 'P ',2X, 'H',/18X, ’H ',2X, 
/18X,'A',2X,'R',/IX,'SPECIES',10X,'S',2 X,'G ',2X, 
'MOLECULAR',3X,'TEMPERATURE',4X,'ELEMENT COUNT', 
'CONSIDERED',7X,'E ',2X,'E ',2X,'WEIGHT',6X,'LOW', 
'HIGH' , 3X, 15(A3),/IX,79('-'))

(14, ' . ' ,A10, 2X,Al,13,Fll.5,2 (F8.1),15 (13) )

/IX,
5X,

400 FORMAT (IX,79('-'),/T26,'C ',/T24,'P H',/T24,'H A ' ,/T24,'A R\
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1 /IX, 'SPECIES',T24,'S G',T28,'MOLECULAR',T38,'TEMPERATURE
2 TS2, 'ELEMENT COUNT',
3 /IX, 'CONSIDERED',T24,'E E',T28,'WEIGHT',T38,'LOW',
4 T45, 'HIGH',T52,15(A3))
FORMAT (IX, 13,’. ', A16,T24, Al,T26,11,T28,F9.5,T38,F6.1,T45,F6.1

1 T51, 15(13))
ENDc  c
SUBROUTINE CPREAC (II, MAXSP, NSPEC, NPAR, PAR, RPAR, AUNITS,

1 EUNITS, NREAC, NUNK, NU, KCHRG, MDIM, MM, KNCF,
2 IDUP, NFAL, IFAL, KFAL, NFAR, PFAL, IFOP, NREV,
3 IREV, NTHB, ITHB, NLAN, ILAN, NRLT, IRLT, KERR,
4 LOUT)

C
C Prints reaction interpreter output and checks for reaction
C balance, duplication, and missing data in 'REV' reactions;
C correct units of Arrhenius parameters
C
C Input: II - the index number of the reaction
C MAXSP - maximum number of species allowed in a reaction
c NSPEC - array of the number of species in the reactions
c NPAR - the number of Arrhenius parameters required
c PAR - matrix of Arrhenius parameters for the reactions
c RPAR - matrix of reverse Arrhenius parameters for the
c reactions which declared them
c AUNITS - character string which describes the input units
c of A, the pre-exponential factor P A R (1,1)
c EUNITS - character string which describes the input units
c of E, the activation energy P A R (3,I)
c NREAC - array of the number of reactants in the reactions
c NUNK - matrix of the species numbers of the reactants
c and products in the reactions
c NU - matrix of the stoichiometric coefficients of the
c reactants and products in the reactions
c KCHRG - array of the electronic charges of the species
c MDIM - the maximum number of elements allowed
c MM - the actual number of elements declared
c KNCF - matrix of elemental composition of the species
c IDUP - array of integer flags to indicate duplicate
c reactions
c NFAL - total number of reactions with fall-off
c IFAL - array of the NFAL reaction numbers
c NFAR - maximum number of fall-off parameters allowed
c PFAL - matrix of fall-off parameters for the NFAL
c reactions
c IFOP - array of integer fall-off types for the NFAL
c reactions
c NREV - total number of reactions with reverse parameters
c IREV - array of the NREV reaction numbers
c NTHB - total number of reactions with third-bodies
c ITHB - array of the NTHB reaction numbers
c NLAN - total number of reactions with Landauer-Teller
c parameters
c ILAN - array of the NLAN reaction numbers
c NRLT - total number of reactions with reverse
c Landauer-Teller parameters
c IRLT - array of the NRLT reaction numbers
c KERR - logical error flag
'c LOUT - unit number for output messages
C
c ----------------------------------------------------------------------------------------------------------------c
c
C****‘precision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N)
C * * * * * e n d  precision > double 
C****‘precision > single
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IMPLICIT REAL (A-H,0-Z), INTEGER (I-N)
* * * * *END precision > single

DIMENSION NSPEC(*), PAR(NPAR,*), RPA R (NPAR,*), NREAC(*),
1 NUNK(MAXSP,*), NU(MAXSP,*), KCHRG(*), KNCF(MDIM,*),
2 IDUP(*), IFAL(*) , KFAL{*), PFAL(NFAR,*), IFOP(*),
3 IREV(*), ITHB(*), ILAN(*), IRLT(*)
CHARACTER*(*) AUNITS, EUNITS 
LOGICAL IERR,KERR,LREV,LLAN,LRLT

C
CALL CKBAL (MAXSP, NUNK(1,II), NU(1,II), MDIM, MM, KCHRG, KNCF,

1 IERR)
C

IF (IERR) THEN
KERR - .TRUE.
WRITE (LOUT, 1060)

END IF
C

CALL CKDUP (II, MAXSP, NSPEC, NREAC, NU, NUNK, NFAL, IFAL, KFAL, 
1 ISAME)

C
IF (ISAME .GT. 0) THEN

IF (IDUP(ISAME).NE.O .AND. IDUP(II).NE.0) THEN 
IDUP(ISAME) = ABS(IDUP(ISAME))
IDUP(II) = ABS(IDUP(II))

ELSE
N1 = 0 
N2 = 0
IF (NTHB .GT. 1) THEN 

DO 150 N = 1, NTHB
IF (ITHB(N) .EQ. ISAME) N1 = 1 
IF (ITHB(N) .EQ. II) N2 = 1

150 CONTINUE
ENDIF
IF (N1 .EQ. N2) THEN 

KERR >= .TRUE.
WRITE (LOUT, 1050) ISAME 

ENDIF 
ENDIF 

ENDIF
C

IF (NFAL.G T .0 .AND. IFAL(NFAL).EQ.II .AND. IFOP(NFAL).LT .0) THEN 
KERR = .TRUE.
WRITE (LOUT, 1020)

ENDIF
C

LREV = (NREV.GT.0 .AND. IREV(NREV).E Q .II)
LLAN = (NLAN.GT.0 .AND. ILAN(NLAN).EQ.II)
LRLT = (NRLT.GT.0 .AND. IRLT(NRLT).E Q .II)
IF (LREV .AND. LLAN .AND. (.NOT.LRLT)) THEN 

KERR = .TRUE.
WRITE (LOUT, 1030)

ENDIF
IF (LRLT .AND. (.NOT.LLAN)) THEN 

KERR = .TRUE.
WRITE (LOUT, 1040)

ENDIF
IF (LRLT .AND. (.NOT.LREV)) THEN 

KERR = .TRUE.
WRITE (LOUT, 1045)

ENDIF
C

IF (EUNITS .EQ. 'KELV1) THEN 
EFAC = 1.0 

ELSEIF (EUNITS .EQ. 'CAL/') THEN 
C convert E from cal/mole to Kelvin
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EFAC = 1.0 / 1.987 
ELSEIF (EUNITS .EQ. 'KCAL') THEN 

C convert E from kcal/mole to Kelvin
EFAC = 1000.0 / 1.987 

ELSEIF (EUNITS .EQ. 'JOUL') THEN 
C convert E from Joules/mole to Kelvin

EFAC » 1.0 / 8.314 
ELSEIF (EUNITS .EQ. 'KJOU') THEN 

C convert E from Kjoules/mole to Kelvin
EFAC « 1000.0 / 8.314 

ENDIF
P A R (3,II) - P A R (3,II) * EFAC
IF (NREV.GT.0 .AND. IREV(NREV).EQ.II) RPAR(3,II)=RPAR(3,11)*EFAC 
IF (NFAL.GT .0 .AND. IFAL(NFAL).EQ.II) PFAL(3,II)=PFAL(3,II)*EFAC

IF (NREV.GT.O .AND. IREV(NREV).E Q .II)
1 R P A R (3,NREV) - RPAR{3,NREV) * EFAC 
IF (NFAL.GT.0 .AND. IFAL(NFAL).EQ.II)

1 PFAL (3, NFAL) <* PFAL (3,NFAL) * EFAC
IF (AUNITS .EQ. 'MOLC') THEN 

NSTOR = 0
NSTOP = 0
DO 50 N = 1, MAXSP

IF (NU(N,II) .LT. 0) THEN
sum of stoichiometric coefficients of reactants 
NSTOR = NSTOR + ABS(NU(N,II))

ELSEIF (NU(N,II) .GT. 0) THEN
sum of stoichiometric coefficients of products 
NSTOP = NSTOP + NU(N,II)

ENDIF 
50 CONTINUE

AVAG = 6.023E23
IF (NFAL.G T .0 .AND. IFAL(NFAL).EQ.II) THEN

fall-off reaction, " (+M)" or " (+species name)" does not 
count except in "LOW" A-factor; 
reverse-rate declarations are not allowed

IF (NSTOR.GT.0) PAR(1,II) = PAR(1,II) * AVAG** (NSTOR-1) 
NSTOR = NSTOR + 1
IF (NSTOR.GT.0) PFAL(1,NFAL) = PFAL(1,NFAL)*AVAG** (NSTOR-1)

ELSEIF (NTHB.GT.0 .AND. ITHB(NTHB).EQ.II) THEN
third body reaction, "+M" counts as species in 
forward and reverse A-factor conversion

NSTOR >= NSTOR + 1 
NSTOP = NSTOP + 1
IF (NSTOR.GT.0) PAR(1,II) = PAR(1,II) * AVAG** (NSTOR-1)
IF (NREV.GT.O .AND. IREV(NREV).E Q .II .AND. NSTOP.GT.0)

1 RPAR (1, NREV) «= RPAR (1, NREV) * AVAG* * (NSTOP-1)

ELSE

not third-body or fall-off reaction, but may have 
reverse rates.
IF (NSTOR .GT. 0) PAR(1,II) = PAR(1,II) * AVAG** (NSTOR-1)
IF (NREV.GT.O .AND. IREV(NREV).E Q .II .AND. NSTOP.GT.0)

1 RPAR(1,NREV) = RPAR(1,NREV) * AVAG** (NSTOP-1)
ENDIF
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ENDIF
1020 FORMAT 
1030 FORMAT 
1040 FORMAT 

FORMAT 
FORMAT 
FORMAT 
RETURN 
END

1045
1050
1060

(6X,'Error...no LOW parameters given for fall-off... 
(6X,'Error...reverse T-L required...')
(6X,'Error...forward T-L required...')
(6X,'Error...REV parameters must be given with RTL..
(6X,'Error undeclared duplicate to reaction number
(6X,'Error...reaction does not balance...1)

■ ' )

, 13)

c
c
c
c
c
c
c
c
c
c
c
c
c

SUBROUTINE CKBAL (NSPEC, KSPEC, KCOEF, MDIM, MM, KCHRG, KNCF,
1 IERR)
Checks elemental balance of reactants vs. products.
Checks charge balance of reaction.

Input: NSPEC - total number of species in this reaction
KSPEC(N),N=1,NSPEC- array of species numbers in reaction 
KCOEF(N) - stoichiometric coefficients of the species 
MDIM - maximum number of elements allowed
MM - actual integer number of elements
KCHRG(K) - ionic charge Kth species
KNCF(M,K)- integer elemental composition of Kth species 

Output: KERR - logical, =.TRUE. if reaction does not balance
F. Rupley, Div. 8245, 5/13/86

:*****precision > double
IMPLICIT DOUBLE PRECISION (A-H,O-Z), INTEGER (I-N)

*****END precision > double 
*****precision > single

IMPLICIT REAL (A-H,O-Z), INTEGER (I-N)
*****END precision > single

DIMENSION KSPEC(*) , KCOEF(*), KNCF(MDIM,*), KCHRG(*)
LOGICAL IERR
IERR = .FALSE.

charge balance

KBAL = 0
DO 50 N = 1, ABS(NSPEC)

KBAL = KBAL + KCOEF(N)*KCHRG(KSPEC(N))
5 0 CONTINUE

IF (KBAL .NE. 0) IERR = .TRUE.

element balance
DO 100 M = 1, MM 

MBAL = 0
DO 80 N = 1, ABS(NSPEC)

MBAL = MBAL + KCOEF(N)*KNCF(M,KSPEC(N))
80 CONTINUE

IF (MBAL .NE. 0) IERR = .TRUE.
100 CONTINUE 

RETURN 
END
SUBROUTINE CKDUP (I, MAXSP, NS, NR, NU, NUNK, NFAL, IFAL, KFAL,

1 ISAME)

Checks reaction I against the (I — 1) reactions for duplication

*****precision > double
IMPLICIT DOUBLE PRECISION (A-H,O-Z), INTEGER (I-N)
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*****END precision > double 
*****precision > single

IMPLICIT REAL (A-H,O-Z), INTEGER (I-N)
*****END precision > single

DIMENSION N S (*), N R (*), NU(MAXSP,*), NUNK(MAXSP,*), IFAL(*),
1 KFAL(*)

ISAME = 0 
NRI - NR(I)
NPI = ABS (NS (I) ) - NR (I)

DO 500 J - 1, 1-1 
NRJ = N R (J)
NPJ = ABS(NS(J)) - N R (J)

IF (NRJ.EQ.NRI .AND. NPJ.EQ.NPI) THEN 
NSAME = 0
DO 20 N = 1, MAXSP 

KI = NUNK(N,I)
NI = NU(N,I)
DO 15 L <= 1, MAXSP 

KJ = NUNK(L,J)
NJ = NU (L, J)
IF (NJ.NE.O .AND. KJ.EQ.KI .AND. NJ.EQ.NI)

1 NSAME = NSAME + 1
15 CONTINUE
20 CONTINUE

IF (NSAME .EQ. ABS(NS(J))) THEN

same products, reactants, coefficients, check fall-off 
third body

IF (NFAL.GT.0 .AND. IFAL(NFAL).EQ.I) THEN 
DO 22 N = 1, NFAL-1

IF (J.EQ.IFAL(N) .AND. KFAL(N).E Q .KFAL(NFAL)) THEN 
ISAME = J 
RETURN 

ENDIF
22 CONTINUE

RETURN 
ENDIF

ISAME = J 
RETURN 

ENDIF 
ENDIF 

C
IF (NPI.EQ.NRJ .AND. NPJ.EQ.NRI) THEN

C
NSAME = 0
DO 30 N = 1, MAXSP 

KI = NUNK(N,I)
NI = NU(N,I)

C
DO 25 L = 1, MAXSP 

KJ = NUNK(L, J)
NJ = NU (L, J)
IF (NJ.NE.O .AND. KJ.EQ.KI .AND. -NJ.EQ.NI)

1 NSAME = NSAME + 1
25 CONTINUE
30 CONTINUE
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c

c

c

IF (NSAME.EQ.ABS(NS(J)) .AND.
1 (NS(J).GT.O .OR. NS(I).GT.O)) THEN

same products as J reactants, and vice-versa
IF (NFAL.GT.0 .AND. IFAL(NFAL).EQ.I) THEN 

DO 32 N = 1, NFAL-1
IF (J.EQ.IFAL(N) .AND. KFAL(N).E Q .KFAL(NFAL)) THEN 

ISAME = J 
RETURN 

ENDIF
32 CONTINUE

RETURN 
ENDIF

ISAME = J 
RETURN 

ENDIF 
ENDIF

500 CONTINUE 
RETURN 
END

 c
SUBROUTINE CKISUB (LINE, SUB, NSUB)

Generates an array of CHAR*(*) substrings from a CHARM*) string, 
using blanks or tabs as delimiters

Input: LINE - a CHARM*) line
Output: SUB - a CHARM*) array of substrings

NSUB - number of substrings found
A  '!' will comment out a line, or remainder of the line.

F. Rupley, Div. 8245, 5/15/86 c
*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,O-Z), INTEGER (I-N)
* * * * *END precision > double 
*****precision > single

IMPLICIT REAL (A-H,O-Z), INTEGER (I-N)
*****END precision > single

CHARACTER*(*) S U B (*), LINE 
NSUB = 0

DO 5 N = 1, LEN(LINE)
IF (ICHAR(LINE(N:N)) .EQ. 9) LINE(N:N) = ' '

5 CONTINUE

IF (IPPLEN(LINE) .LE. 0) RETURN
ILEN = ILASCH(LINE)

NSTART = IFIRCH(LINE)
10 CONTINUE

ISTART = NSTART 
NSUB = NSUB + 1 
SUB(NSUB) = ' '
DO 100 I = ISTART, ILEN

ILAST = INDEX(LINE(ISTART:),' ') - 1
IF (ILAST .GT. 0) THEN

ILAST = ISTART + ILAST - 1 
ELSE

ILAST = ILEN
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ENDIF
SUB(NSUB) = LINE(ISTART:ILAST)
IF (ILAST .EQ. ILEN) RETURN

C
NSTART - ILAST + IFIRCH(LINE(ILAST+1:))

C
C Does SUB have any slashes?
C

11 - INDEX(SUB(NSUB),'/’)
IF (II .LE. 0) THEN

IF (LINE (NSTART-.NSTART) .NE. '/') GO TO 10 
NEND *= NSTART + INDEX(LINE(NSTART+1:),'/') 
IND = INDEX(SUB(NSUB) , ’ ’)
SUB(NSUB)(IND:) = LINE(NSTART:NEND)
IF (NEND .EQ. ILEN) RETURN
NSTART ■= NEND + IFIRCH (LINE (NEND+1:) )
GO TO 10 

ENDIF
C
C Does SUB have 2 slashes?
C

12 = INDEX(SUB(NSUB) {11 + 1 : ) )
IF (12 .GT. 0) GO TO 10

C
NEND = NSTART + INDEX(LINE(NSTART+1:),'/')
IND = INDEX(SUB(NSUB),' ') + 1 
SUB(NSUB)(IND:) = LINE(NSTART:NEND)
IF (NEND .EQ. ILEN) RETURN
NSTART = NEND + IFIRCH(LINE(NEND+1:))
GO TO 10 

100 CONTINUE
RETURN
END

c----------------------------------------------------------------------------------------------------------------c
SUBROUTINE IPNPAR (LINE, NPAR, IPAR, ISTART)

C
C Returns CHARM*) IPAR substring of CHARM*) string LINE which
C contains NPAR real parameters
C
C Input: LINE - a CHARM*) line
C NPAR - number of parameters expected
C Output: IPAR - the substring of parameters only
C ISTART - the starting location of IPAR substring
C A '!' will comment out a line, or remainder of the line.
C F. Rupley, Div. 8245, 5/14/86
c ----------------------------------------------------------------------------------------------------------------c
C** * **precision > double

IMPLICIT DOUBLE PRECISION (A-H,O-Z), INTEGER (I-N) 
C*****END precision > double 
C* ****preci si on > single
C IMPLICIT REAL (A-H,O-Z), INTEGER (I-N)
C*****END precision > single 
C

CHARACTER*(*) LINE,IPAR
C
C----------- Find Comment String (! signifies comment)
C

ILEN = IPPLEN(LINE)
ISTART - 0 
N = 0
IF (ILEN.GT.0) THEN

DO 40 I = ILEN, 1, -1 
ISTART = I 
IPAR = ' '
IPAR = LINE(ISTART:ILEN)
IF (LINE(1:1).NE.' ') THEN
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IF (I .EQ. 1) RETURN 
IF (LINE(1-1:I—1) .EQ. ' ') THEN

N - N + I
IF (N .EQ. NPAR) RETURN 

ENDIF 
ENDIF 

40 CONTINUE 
ENDIF 
RETURN 
END

C----------------------------------------------------------------------------------C
SUBROUTINE IPPARI(STRING, ICARD, NEXPEC, IVAL, NFOUND, IERR, LOUT) 

C BEGIN PROLOGUE IPPARI
C REFER TO IPGETI
C DATE WRITTEN 850625 (YYMMDD)
C REVISION DATE 851725 (YYMMDD)
C CATEGORY NO. J3.,J4.,M2.
C KEYWORDS PARSE
C AUTHOR CLARK,G.L. , GROUP C-3 LOS ALAMOS NAT'L LAB
C PURPOSE Parses integer variables from a character variable. Called
C by IPGETI, the IOPAK routine used for interactive input.
C DESCRIPTION
C
c-----------------------------------------------------------------------------------------------------------------
C IPPARI may be used for parsing an input record that contains integer 
C values, but was read into a character variable instead of directly 
C into integer variables.
C The following benefits are gained by this approach:
C - specification of only certain elements of the array is allowed,
C thus letting the others retain default values
C - variable numbers of values may be input in a record, up to a
C specified maximum
C - control remains with the calling program in case of an input
C error
C - diagnostics may be printed by IPPARI to indicate the nature
C of input errors
C
C The contents of STRING on input indicate which elements of IVAL
C are to be changed from their entry values, and values to which
C they should be changed on exit. Commas and blanks serve as
C delimiters, but multiple blanks are treated as a single delimeter.
C Thus, an input record such as:
C ' 1, 2,,40000 , ,60'
C is interpreted as the following set of instructions by IPGETR:
C
C (1) set IVAL(1) = 1
C (2) set IVAL(2) = 2
C (3) leave IVAL(3) unchanged
C (4) set IVAL(4) = 40000
C (5) leave IVAL(5) unchanged
C (6) set IVAL(6) = 60
C
C IPPARI will print diagnostics on the default output device, if 
C desired.
C
C IPPARI is part of IOPAK, and is written in ANSI FORTRAN 77 
C
C Examples:
C
C Assume IVAL = (0, 0, 0) and NEXPEC = 3 on entry:
C
C input string IVAL on exit IERR NFOUND
C 1 2 , 3 45 1 (2, 3, 45) 0 3
C ’2.15,,3' (2, 0, 3) 1 0
C ' 3X, 25, 2 ’ (0, 0, 0) 1 0
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C '10000' (10000, 0, 0) 2 1
c
C Assume IVAL - (0, 0, 0, 0) and NEXPEC = -4 on entry:
C
C input string IVAL on exit IERR nfound

c 11 2 1 n  n 2
C ',',37 400’ (o! 0, 37, 400) 0 4
C ' 1, , -3,, 5 1 (1, 0, -3, 0) 3 4
C
C arguments: (I=input,0=output) c ---------------------------------
C STRING (I) - the character string to be parsed.
C
C ICARD (I) - data statement number, and error processing flag
C < 0 : no error messages printed
C -> 0 : print error messages, but not ICARD
C > 0 : print error messages, and ICARD
C
C NEXPEC (I) - number of real variables expected to be input. If
C < 0 ,  the number is unknown, and any number of values
C between 0 and abs(nexpec) may be input. (see NFOUND)
C
C PROMPT (I) - prompting string, character type. A  question 
C mark will be added to form the prompt at the screen.
C
C IVAL (1,0) - the integer value or values to be modified. On entry,
C the values are printed as defaults. The formal parameter
C corresponding to IVAL must be dimensioned at least NEXPEC
C in the calling program if NEXPEC > 1.
C
C NFOUND (0) - the number of real values represented in STRING,
C only in the case that there were as many or less than
C NEXPEC.
C
C IERR (0) - error flag:
C = 0 if no errors found
C = 1  syntax errors or illegal values found
C = 2  for too few values found (NFOUND < NEXPEC)
C = 3  for too many values found (NFOUND > NEXPEC)
C---------------------------------------------------------------------------------
C
C REFERENCES (NONE)
C ROUTINES CALLED IFIRCH,ILASCH 
C END PROLOGUE IPPARI 
C*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,O-Z), INTEGER (I-N)
* * * * *END precision > double

*****precision > single
IMPLICIT REAL (A-H,O-Z), INTEGER (I-N)

*****END precision > single

CHARACTER STRING*(*), ITEMP*80 
DIMENSION IVAL(*)
CHARACTER *8 FMT(14)
LOGICAL OKINCR

FIRST EXECUTABLE STATEMENT IPPARI 
IERR = 0 
NFOUND = 0 
NEXP = IABS(NEXPEC)
IE = ILASCH(STRING)
IF (IE .EQ. 0) GO TO 500 
NC = 1
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c
C  OKINCR is a flag that indicates it's OK to increment
C  NFOUND, the index of the array into which the value
C  should be read. It is set false when a space follows
C  an integer value substring, to keep incrementing from
C  occurring if a comma should be encountered before the
C  next value.
C

OKINCR «= .TRUE.
C
C  begin overall loop on characters in string
C
100 CONTINUE 
C

IF (STRING(NC:NC) .EQ. ',') THEN 
IF (OKINCR .OR. NC .EQ. IE) THEN 

NFOUND » NFOUND + 1 
ELSE

OKINCR = .TRUE.
ENDIF

C
GO TO 450 

ENDIF
IF (STRING(NC:NC) .EQ. ' ') GO TO 450

C
C  first good character (non-delimeter) found - now find
C  last good character
C

IBS = NC 
160 CONTINUE

NC = NC + 1
IF (NC .GT. IE) GO TO 180 
IF (STRING(NC:NC) .EQ. ' ')THEN 

OKINCR = .FALSE.
ELSEIF (STRING(NC:NC) .EQ. ' , ')THEN 

OKINCR = .TRUE.
ELSE

GO TO 160 
ENDIF

C
C  end of substring found - read value into integer array
C
180 CONTINUE

NFOUND = NFOUND + 1 
IF (NFOUND .GT. NEXP) THEN 

IERR = 3 
GO TO 500 

ENDIF
C

IES = NC - 1
NCH = IES - IBS + 1
DATA FMT/' (II)', ' (12)', ' (13)', ' (14)', 1 (15)',

1 ' (16) ', ' (17) ', ' (18) ', ' (19)', ' (110) ',
2 ’(111)', '(112)', '(113)', '(114)'/
ITEMP = ' '
ITEMP ■= STRING (IBS : IES)
READ (ITEMP(1:NCH), FMT(NCH), ERR = 400) IVAL(NFOUND) 
GO TO 450 

4 00 CONTINUE 
IERR = 1 
GO TO 510 

450 CONTINUE
NC = NC + 1
IF (NC .LE. IE) GO TO 100

C
500 CONTINUE
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IF (NEXPEC .GT. 0 -AND. NFOUND .LT. NEXP) IERR = 2 
510 CONTINUE 
C

IF (IERR .EQ. 0 .OR. ICARD .LT. 0)RETURN 
IF (ICARD .NE. 0) WRITE (LOUT, '(A,13)')

1 '!I ERROR IN DATA STATEMENT NUMBER', ICARD
IF (IERR .EQ. 1)

1 WRITE (LOUT, '(A)')'SYNTAX ERROR, OR ILLEGAL VALUE'
IF (IERR .EQ. 2) WRITE (LOUT, '(A,12, A, 12)')

1 ' TOO FEW DATA ITEMS. NUMBER FOUND = ' , NFOUND,
2 ' NUMBER EXPECTED «= ' , NEXPEC
IF (IERR .EQ. 3) WRITE (LOUT, '(A,12)')

1 ' TOO MANY DATA ITEMS. NUMBER EXPECTED = ', NEXPEC
END

C
SUBROUTINE IPPARR(STRING, ICARD, NEXPEC, RVAL, NFOUND, IERR, LOUT) 

C BEGIN PROLOGUE IPPARR 
C REFER TO IPGETR
C DATE WRITTEN 850625 (YYMMDD)
C REVISION DATE 851625 (YYMMDD)
C CATEGORY N O . J3 ., J4 . , M2 .
C KEYWORDS PARSE
C AUTHOR CLARK,G.L.,GROUP C-3 LOS ALAMOS NAT'L LAB
C PURPOSE Parse3 real variables from a character variable. Called
C by IPGETR, the IOPAK routine used for interactive input.
C DESCRIPTION
C
c-----------------------------------------------------------------------------------------------------------------
C IPPARR may be used for parsing an input record that contains real
C values, but was read into a character variable instead of directly
C into real variables.
C The following benefits are gained by this approach:
C - specification of only certain elements of the array is allowed,
C thus letting the others retain default values
C - variable numbers of values may be input in a record, up to a
C specified maximum
C - control remains with the calling program in case of an input
C error
C - diagnostics may be printed by IPPARR to indicate the nature
C of input errors
C
C The contents of STRING on input indicate which elements of RVAL
C are to be changed from their entry values, and values to which
C they should be changed on exit. Commas and blanks serve as
C delimiters, but multiple blanks are treated as a single delimeter.
C Thus, an input record such as:
C ' 1., 2,,4.e-5 , ,6.e-6'
C is interpreted as the following set of instructions by IPGETR:
C
C (1) set RVAL{1) = 1.0
C (2) set RVAL(2) » 2.0
C (3) leave RVAL(3) unchanged
C (4) set RVAL(4) = 4.0E-05
C (5) leave RVAL(5) unchanged
C (6) set RVAL(6) = 6.0E-06
C
C IPPARR will print diagnostics on the default output device, if
C desired.
C
C IPPARR is part of IOPAK, and is written in ANSI FORTRAN 77
C
C Examples:
C
C Assume RVAL = (0., 0., 0.) and NEXPEC = 3 on entry:
C
C input string RVAL on exit IERR NFOUND
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c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c-
c
c
c
c
c*

2.34e-3, 3 45.1'
2..3.-5'
,1.4,0.028E4'
1.0, 2.a4, 3.0'
1 . 0 '

(2.34E-03, 3.0, 45.1) 0
(2.0, 0.0, 3.0E-05) 0
(0.0, 1.4, 280.0) 0
( 1 . 0 , 0 . 0 , 0 . 0 ) 1
( 1 . 0 , 0 . 0 , 0 . 0 ) 2

Assume RVAL = (0.,0.,0.,0.) and NEXPEC = -4 on entry:
input string

'  1 . ,  2 .  '

',,3 4.0'
'1,,3,,5.0'

RVAL on exit IERR NFOUND

( 1 . 0 ,  2 .0 )  0 2
(0.0, 0.0, 3.0, 4.0) 0 4
(0.0, 0.0, 3.0, 0.0) 3 4

arguments: (I=input,O=output)

STRING (I) - the character string to be parsed.

ICARD (I) - data statement number, and error processing flag
< 0 : no error messages printed
= 0 : print error messages, but not ICARD
> 0 : print error messages, and ICARD

NEXPEC (I) - number of real variables expected to be input. If
< 0, the number is unknown, and any number of values 
between 0 and abs(nexpec) may be input. (see NFOUND)

PROMPT (I) - prompting string, character type. A  question 
mark will be added to form the prompt at the screen.

RVAL (1,0) - the real value or values to be modified. On entry, 
the values are printed as defaults. The formal parameter 
corresponding to RVAL must be dimensioned at least NEXPEC 
in the calling program if NEXPEC > 1.

NFOUND (O) - the number of real values represented in STRING, 
only in the case that there were as many or less than 
NEXPEC.

IERR (0) - error flag:
= 0 if no errors found
= 1 syntax errors or illegal values found 
= 2 for too few values found (NFOUND < NEXPEC)
= 3 for too many values found (NFOUND > NEXPEC)

REFERENCES (NONE)
ROUTINES CALLED IFIRCH,ILASCH 
END PROLOGUE IPPARR 

“ “ precision > double
IMPLICIT DOUBLE PRECISION (A-H,O-Z), INTEGER (I-N) 

* * “ END precision > double

“ “ ‘precision > single
IMPLICIT REAL (A-H,O-Z), INTEGER (I-N) 

“ “ ‘END precision > single

CHARACTER STRING*(*), ITEMP*80 
DIMENSION RVAL(*)
CHARACTER *8 F M T (22)
LOGICAL OKINCR

FIRST EXECUTABLE STATEMENT 
IERR ■= 0 
NFOUND = 0

IPPARR
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NEXP ~ IABS(NEXPEC)
IE ** ILASCH(STRING)
IF (IE .EQ. 0) GO TO 500 
NC = 1

C
C  OKINCR is a flag that indicates it's OK to increment
C  NFOUND, the index of the array into which the value
C  should be read. It is set negative when a space follows
C  a real value substring, to keep incrementing from
C  occurring if a comma should be encountered before the
C  next value.
C

OKINCR = .TRUE.
C
C  begin overall loop on characters in string
C
100 CONTINUE 
C

IF (STRING(NC:NC) .EQ. ',') THEN 
IF (OKINCR) THEN

NFOUND *= NFOUND + 1 
ELSE

OKINCR = .TRUE.
ENDIF

C
GO TO 450 

ENDIF
IF (STRING(NC:NC ) .EQ. ' ') GO TO 450

C
C  first good character (non-delimeter) found - now find
C  last good character
C

IBS = NC 
160 CONTINUE

NC = NC + 1
IF (NC .GT. IE) GO TO 180 
IF (STRING(NC:NC) .EQ. ' ')THEN 

OKINCR = .FALSE.
ELSEIF (STRING(NC:NC) .EQ. ',')THEN 

OKINCR = .TRUE.
ELSE

GO TO 160 
ENDIF

C
C  end of substring found - read value into real array
C
180 CONTINUE

NFOUND = NFOUND + 1 
IF (NFOUND .GT. NEXP) THEN 

IERR = 3 
GO TO 500 

ENDIF
C

DATA FMT/ ' (El.0) ' , ' (E2.0) ' , ' (E3.0) ' , 1 (E4.0)
1 ' (E5.0)', ' (E6.0) ' , ' (E7.0) ' , ' (E8.0) ' , ' (E9.0)
2 1 (E10.0) ’ , ' (E11.0) ', ' (E12.0) ' , ' (E13.0) ' , 1(E14.0)
3 1 (E15.0) ' , ' (E16.0) ' , ' (E17.0) ' , ' (E18.0) ' , ' (E19.0)
4 ' (E20.0) ' , ’ (E21.0) ', ' (E22.0) ' /
IES = NC - 1
NCH = IES - IBS + 1
ITEMP = ' '
ITEMP ■= STRING (IBS: IES)
READ (ITEMP(1:NCH), FMT(NCH), ERR = 400) RVAL(NFOUND) 
GO TO 450 

4 00 CONTINUE
WRITE (LOUT, 555) STRING(IBS:IES)
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555 FORMAT (A)
IERR = 1 
GO TO 510 

450 CONTINUE
NC « NC + 1
IF (NC .LE. IE) GO TO 100

C
500 CONTINUE

IF (NEXPEC .GT. 0 .AND. NFOUND .LT. NEXP) IERR = 2 
510 CONTINUE 
C

IF (IERR .EQ. 0 .OR. ICARD .LT. 0) RETURN 
IF (ICARD .NE. 0) WRITE (LOUT, '(A,13)')

1 '!! ERROR IN DATA STATEMENT NUMBER', ICARD
IF (IERR .EQ. 1)

1 WRITE (LOUT, ' (A) ') 'SYNTAX ERROR, OR ILLEGAL V ALUE1 
IF (IERR .EQ. 2) WRITE (LOUT, '(A,12, A, 12)')

1 ' TOO FEW DATA ITEMS. NUMBER FOUND = ' , NFOUND,
2 ' NUMBER EXPECTED - ', NEXPEC
IF (IERR .EQ. 3) WRITE (LOUT, '(A,12)')

1 ' TOO MANY DATA ITEMS. NUMBER EXPECTED = ', NEXPEC
END

C
FUNCTION IFIRCH(STRING)

C BEGIN PROLOGUE IFIRCH
C DATE WRITTEN 85062 6
C REVISION DATE 850626
C CATEGORY NO. M 4 .
C KEYWORDS CHARACTER STRINGS,SIGNIFICANT CHARACTERS
C AUTHOR CLARK,G.L.,GROUP C-3 LOS ALAMOS NAT'L LAB
C PURPOSE Determines first significant (non-blank) character
C • in character variable
C DESCRIPTION
C
C---------------------------------------------------------------------------------
C IFIRCH locates the first non-blank character in a string of
C arbitrary length. If no characters are found, IFIRCH is set = 0.
C When used with the companion routine ILASCH, the length of a string
C can be determined, and/or a concatenated substring containing the
C significant characters produced.
c--------------------------------------------------------------------------------------------------------------
C
C REFERENCES (NONE)
C ROUTINES CALLED (NONE)
C END PROLOGUE IFIRCH
C*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,O-Z), INTEGER (I-N)
C* * * * *e n d  precision > double 
C
C*****preCisi0n > single
C IMPLICIT REAL (A-H,O-Z), INTEGER (I-N)
C * * * * * END precision > single 
C

CHARACTER* (*)STRING
C
C FIRST EXECUTABLE STATEMENT IFIRCH 

NLOOP = LEN(STRING)
C

IF (NLOOP .EQ. 0) THEN 
IFIRCH = 0 
RETURN 

ENDIF
C

DO 100 1 = 1 ,  NLOOP
IF (STRING(1:1) .NE. ' ') GO TO 120

100 CONTINUE
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c
IFIRCH = 0 
RETURN 

120 CONTINUE
IFIRCH ■= I 
END
FUNCTION ILASCH(STRING)

C BEGIN PROLOGUE ILASCH
C DATE WRITTEN 850626
C REVISION DATE 850626
C CATEGORY NO. M 4 .
C KEYWORDS CHARACTER STRINGS,SIGNIFICANT CHARACTERS 
C AUTHOR CLARK,G.L.,GROUP C-3 LOS ALAMOS NAT'L LAB
C PURPOSE Determines last significant (non-blank) character
C in character variable
C DESCRIPTION
C
c ----------------------------------------------------------------------------------------------------------------
C IFIRCH locates the last non-blank character in a string of 
C arbitrary length. If no characters are found, ILASCH is set = 0.
C When used with the companion routine IFIRCH, the length of a string 
C can be determined, and/or a concatenated substring containing the 
C significant characters produced.
C Note that the FORTRAN intrinsic function LEN returns the length 
C of a character string as declared, rather than as filled. The 
C declared length includes leading and trailing blanks, and thus is 
C not useful in generating 'significant' substrings.
c -----------------------------------------------------------------------------------------------------------------
C
C REFERENCES (NONE)
C ROUTINES CALLED (NONE)
C END PROLOGUE IFIRCH
C*****preCision > double

IMPLICIT DOUBLE PRECISION (A-H,O-Z), INTEGER (I-N)
C*****END precision > double 
C
C*****precision > single
C IMPLICIT REAL (A-H,O-Z), INTEGER (I-N)
C*****END precision > single 
C

CHARACTER*(*) STRING
C
C* * *FIRST EXECUTABLE STATEMENT ILASCH 

NLOOP = LEN(STRING)
IF (NLOOP.EQ.O) THEN 

ILASCH = 0 
RETURN 

ENDIF
C

DO 100 I = NLOOP, 1, -1
IF (STRING(1:1) .NE. ' ') GO TO 120 

100 CONTINUE 
C
120 CONTINUE

ILASCH = I 
END

c c
C

SUBROUTINE CKCOMP (1ST, IRAY, II, I)
C
C START PROLOGUE 
C
C SUBROUTINE CKCOMP (1ST, IRAY, II, I)*
C Returns the index of an element of a reference character
C string array which corresponds to a character string;
C leading and trailing blanks are ignored.
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c 
c
C INPUT 
C 1ST
C
C IRAY
C 
C
C II
C 
C
C OUTPUT 
C I
C 
C 
C
C END PROLOGUE 
C
C*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,O-Z), INTEGER (I-N)
*****END precision > double 
*****precision > single

IMPLICIT REAL (A-H,O-Z), INTEGER (I-N)
* * * * *END precision > single

CHARACTER*(*) 1ST, IRAY(*)

1 = 0
DO 10 N = II, 1, -1

151 = IFIRCH(1ST)
152 = ILASCH(1ST)
IR1 = IFIRCH(IRAY(N))
IR2 = ILASCH(IRAY(N))
IF ( IS2.GE.IS1 .AND. IS2.GT.0 .AND.

1 IR2.GE.IR1 .AND. IR2.GT.0 .AND.
2 IST(IS1:IS2).EQ.IRAY(N)(IR1:IR2) ) I=N

10 CONTINUE
RETURN
END

 c
SUBROUTINE CKUNIT (LINE, AUNITS, EUNITS, IUNITS)

*****precision > double
IMPLICIT DOUBLE PRECISION (A-H,O-Z), INTEGER (I-N)

C*****END precision > double 
C*****precision > single
C IMPLICIT REAL (A-H,O-Z), INTEGER (I-N)
C * * * * *END precision > single

CHARACTER*(*) LINE, IUNITS, AUNITS, EUNITS 
CHARACTER*4 UPCASE

C
AUNITS = ' '
EUNITS = ' '
IUNITS = ' '
DO 85 N = 1, ILASCH(LINE)-3 

IND = ILASCH(IUNITS)
IF (EUNITS .EQ. ' ') THEN

IF (UPCASE(LINE(N:), 4) .EQ. 'CAL/') THEN
EUNITS = 'CAL/'
IF (IUNITS .EQ. ' ') THEN

IUNITS = 'E units cal/mole1 
ELSE

IUNITS(IND:) = ', E units cal/mole'
ENDIF

ELSEIF (UPCASE(LINE(N:), 4) .EQ. 1KCAL1) THEN

- A  character string.
Data type - CHARACTER*(*)

- An array of character strings; 
dimension IRAY(*) at least II

Data type - CHARACTER*(*)
- The length of IRAY.

Data type - integer scalar.

- The first integer location in IRAY in which 1ST 
corresponds to IRAY(I); if 1ST is not also an 
entry in IRAY, 1=0.
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EUNITS - 1KCAL'
IF (IUNITS .EQ. ' ') THEN

IUNITS - ’E units Kcal/mole'
ELSE

IUNITS(IND:) ■= ', E units Kcal/mole'
ENDIF

ELSEIF (UPCASE(LINE(N:), 4) .EQ. 'JOUL') THEN 
EUNITS - ’JOUL’
IF (IUNITS .EQ. ’ ') THEN

IUNITS = 'E units Joules/mole'
ELSE

IUNITS(IND:) ■= ', E units Joules/mole'
ENDIF

ELSEIF (UPCASE(LINE(N:), 4) .EQ. 'KJOU') THEN 
EUNITS = 'KJOU'
IF (IUNITS .EQ. ' ') THEN

IUNITS “ 'E units Kjoule/mole'
ELSE

IUNITS (IND:) *» ', E units Kjoule/mole'
ENDIF

ELSEIF (UPCASE(LINE(N:), 4) .EQ. 'KELV') THEN 
EUNITS = 'KELV'
IF (IUNITS .EQ. ' ') THEN

IUNITS = 'E units Kelvins'
ELSE

IUNITS(IND:) = ', E units Kelvins'
ENDIF

ENDIF
ENDIF
IF (AUNITS .EQ. ’ ’) THEN

IF (UPCASE(LINE(N:), 4) .EQ. ’MOL E 1) THEN 
IF (UPCASE(LINE(N+4:) , 1) .EQ. ’S ’) THEN 

AUNITS = ’MOLE’
IF (IUNITS .EQ. ' ') THEN

IUNITS = 'A units mole-cm-sec-K1 
ELSE

IUNITS(IND:) = ', A  units mole-cm-sec-K' 
ENDIF

ELSEIF (UPCASE(LINE(N+4:), 4) .EQ. 'CULE1) THEN 
AUNITS = 'MOLC'
IF (IUNITS .EQ. ' ') THEN

IUNITS = 'A units molecules'
ELSE

IUNITS(IND:) = ', A  units molecules'
ENDIF 

ENDIF 
ENDIF 

ENDIF 
85 CONTINUE

C
IF (AUNITS .EQ. ' ') THEN

AUNITS = 'MOLE'
IND = ILASCH(IUNITS) + 1 
IF (IND .GT. 1) THEN

IUNITS(IND:) “ ', A  units mole-cm-sec-K'
ELSE

IUNITS(IND:) “ ' A  units mole-cm-sec-K'
ENDIF

ENDIF
C

IF (EUNITS .EQ. ' ') THEN
EUNITS = 'CAL/'
IND = ILASCH(IUNITS) + 1 
IF (IND .GT. 1) THEN

IUNITS(IND:) = ', E units cal/mole’
ELSE
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IUNITS(IND:) = ' E units cal/mole'
ENDIF

ENDIF
RETURN
END

 c

INTEGER FUNCTION IPPLEN (LINE)

BEGIN PROLOGUE
FUNCTION IPPLEN (LINE)

Returns the effective length of a character string, i.e., 
the index of the last character before an exclamation mark (!) 
indicating a comment.

INPUT
LINE - A  character string.

OUTPUT
IPPLEN - The effective length of the character string.

END PROLOGUE
*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,O-Z), INTEGER (I-N)
*****END precision > double 
*****precision > single

IMPLICIT REAL (A-H,O-Z), INTEGER (I-N)
*****END precision > single

CHARACTER LINE*(*)
IN = IFIRCH(LINE)
IF (IN.EQ.0 .OR. LINE(IN:IN).EQ.1!') THEN 

IPPLEN = 0 
ELSE

IN = INDEX(LINE,'!')
IF (IN .EQ. 0) THEN

IPPLEN = ILASCH(LINE)
ELSE

IPPLEN = ILASCH(LINE(:IN-1))
ENDIF

ENDIF
RETURN
END
CHARACTER*(*) FUNCTION UPCASE(ISTR, ILEN) 
CHARACTER ISTR*(*), LCASE(26)*1, UCASE(26)*1
DATA LCASE /'a', 'b' < 'c' / 'd'( ' e' ,'f\ 'g' , 'h', ' i ' ' k ' ,■ ’ 1 ’ , 'm' ,

1 •n', ' o '/ 'P', 'q'/ 'r\ 's','t ', 'u\ ' V ' ,  ' W '  , ' x ' , ' y ' , ' z '  /

2 UCASE /'A', ■ B ' '  C  '# ^  t 'D' , 'E', ' F ' , 'G', 'H', ' I ' ,'J ' , ' K '  , ' L ' , 'M' ,
3 'N' , 'O' ' p '/ * / ' Q ', 'R', •S' , 'T', 'U', 'V' , ' W '  , ' X ' ,' Y 1 , ' Z ' /

UPCASE = ' '
UPCASE = ISTR(:ILEN)
JJ ■= MIN (LEN (UPCASE) , LEN (ISTR), ILEN)
DO 10 J = 1, JJ 

DO 10 N = 1,26
IF (ISTR(J :J) .EQ. LCASE(N)) UPCASE(J:J) = UCASE(N) 

10 CONTINUE 
RETURN 
END
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SUBROUTINE FILE10 CVT

IMPLICIT DOUBLE PRECISION (A-H,O-Z) 
PARAMETER (LIN=5, L0UT=6, L0G=15, LINC=25) 
CHARACTER FILE_IN*20,FILE_OUT*20 
COMMON/FILE_IO/FILE_IN, FILE_OUT

5 W R I T E (*,10)
10 FORMAT(' Please enter the MASTER mechanism file name : ')

R EA D (*, 1 (A20) ')FILE_IN
OPEN(UNIT=5,FILE=FILE_IN,STATUS='OLD’,ERR=30)
GO TO 50 

30 CONTINUE
W R I T E (*,40)FILE_IN 

4 0 FORMAT(' Can not find file : ' ,A20)
GO TO 5 

50 CONTINUE

105 W R I T E (*,110)
110 FORMAT(' Please enter the output mechanism file name : ') 

RE A D (*,'(A20)')FILE_out
OPEN(UNIT=6,FILE=FILE_OUT, STATUS=’UNKNOWN' , FORM=1 FORMATTED 1 

2 ERR=130)
GO TO 150 

130 CONTINUE
WRITE(*,140)FILE_OUT 

140 FORMAT (' Can not find file : \A20)
GO TO 105 

150 CONTINUE

OPEN(UNIT=6,FILE=1CKINTERP.OUT 1,STATUS='UNKNOWN 1)
OPEN(UNIT=25,FILE='CHEMKIN.LNK1,STATUS=1 UNKNOWN 1 ,

1 FORM='BINARY1)

RETURN
END
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D.7 CHEBYSHEV POLY FITTINGS

SUBROUTINE file_IO(Error)
C

IMPLICIT NONE
CHARACTER FILE_INP*20, FILE_LOG*20, FILE_COL*20(

1 FILE_KIN*20, FILE_OUT*20, FILE_NAME *20, FILE_FIT*20
INTEGER INP, LOG, COL, KIN, OUT, Istart,Idot,Ifirch, FIT
logical Error 
PARAMETER (MG_file=20, Max_Specy_Group=50,

1 Max_Element=4 )
PARAMETER (INP=10, LOG=20, COL=30, KIN=55, FIT=9S, OUT=99) 
COMMON/FILE/FILE_INP,FILE_LOG,FILE_COL,FILE_KIN,FILE_OUT,FILE_NAME 

1 ,FILE_FIT
INCLUDE 'THM_PAR.FI'

CHARACTER FILE_NAME*20 
INTEGER IDOT, ISTART, IFIRCH
LOGICAL ERROR

ERROR = .FALSE.
5 WRITE(*,10)

10 FORMAT(' enter the input file name : ')
READ(*,'(A20)')FILE_INP
OPEN(INP,FILE=FILE_INP,STATUS='OLD' , ERR=30)
GO TO 5 0 

30 CONTINUE
WRITE(*,40)FILE_INP 

40 FORMAT(' Can not find file : ’,A20)
GO TO 5 

50 CONTINUE
ISTART = IFIRCH(FILE_INP)
IDOT = INDEX(FILE_INP,'.’)
FILE_NAME = FILE_INP(ISTART:IDOT-1)

C
FILE_LOG = FILE_NAME 
FILE_LOG(IDOT:IDOT) = '.'
FILE_LOG(IDOT+1:IDOT+3) = 'LOG'

C
FILE_COL = FILE_NAME 
FILE_COL(IDOT:IDOT) = '.'
FILE_COL(IDOT+1:IDOT+3) = 'COL'

C
FILE_KIN = FILE_NAME 
FILE_KIN(IDOT:IDOT) = '.'
FILE_KIN(IDOT+1:IDOT+3) = 'KIN'

C
FILE_OUT = FILE_NAME 
FILE_OUT(IDOT:IDOT) = '.'
FILE_OUT(IDOT+1:IDOT+3) = 'OUT'

C
FILE_FIT = FILE_NAME 
FILE_FIT(IDOT:IDOT) = '.'
FILE_FIT(IDOT+1:IDOT+3) = 'FIT'

C
OPEN(LOG, FILE=FILE_LOG,STATUS='UNKNOWN',ERR=230)
CLOSE(LOG, STATUS=’DELETE')
OPEN(LOG,FILE=FILE_LOG,STATUS='NEW')
GO TO 250 

230 CONTINUE
WRITE(*,240)FILE_LOG 

240 FORMAT (' File I/O Error : \A20)

416
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ERROR ” .TRUE.
GO TO 550 

250 CONTINUE
C

OPEN(COL,FILE=FILE_COL,STATUS” 1 UNKNOWN’,ERR=330) 
CLOSE(COL,STATUS” 'DELETE’}
OPEN(COL,FILE=FILE_COL,STATUS” 'NEW')
GO TO 350 

330 CONTINUE
W RITE(*,340)FILE_COL 

340 FORMAT(' File I/O Error : ',A20)
ERROR ” .TRUE.
GO TO 550 

350 CONTINUE
C

OPEN(KIN,FILE=FILE_KIN,STATUS” 'UNKNOWN' , ERR=430) 
CLOSE(KIN, STATUS” 'DELETE')
OPEN(KIN, FILE=FILE_KIN,STATUS” 'NEW')
GO TO 450 

4 30 CONTINUE
W R I T E (*,440)FILE_KIN 

440 FORMAT(' File I/O Error : *,A20)
ERROR = .TRUE.
GO TO 550 

4 50 CONTINUE
C

OPEN(FIT, FILE=FILE_FIT,STATUS” 1 UNKNOWN' , ERR=530) 
CLOSE(FIT,STATUS” 'DELETE')
OPEN(FIT,FILE=FILE_FIT,STATUS” 'NEW' )

C
OPEN(OUT,FILE=FILE_OUT,STATUS” 'UNKNOWN',ERR=5 30) 
CLOSE(OUT,STATUS” 'DELETE')
OPEN(OUT,FILE=FILE_OUT,STATUS” 'NEW' )
GO TO 550 

530 CONTINUE
W RITE(*,540)FILE_OUT 

540 FORMAT(' File I/O Error : ',A20)
ERROR = .TRUE.
GO TO 550 

55 0 CONTINUE
C

RETURN
END

FUNCTION IFIRCH(STRING)
C BEGIN PROLOGUE IFIRCH
C DATE WRITTEN 850626
C REVISION DATE 850626
C CATEGORY NO. M 4 .
C KEYWORDS CHARACTER STRINGS,SIGNIFICANT CHARACTERS
C AUTHOR CLARK, G.L..GROUP C-3 LOS ALAMOS N A T 'L LAB
C PURPOSE Determines first significant (non-blank) character 
C in character variable
C DESCRIPTION
C
c --------------------------------------------------------------------------------------------------------------
C IFIRCH locates the first non-blank character in a string of 
C arbitrary length. If no characters are found, IFIRCH is set = 0.
C When used with the companion routine ILASCH, the length of a string 
C can be determined, and/or a concatenated substring containing the 
C significant characters produced.
c -----------------------------------------------------------------------------------------------------------------------------------------
c
C REFERENCES (NONE)
C ROUTINES CALLED (NONE)
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C END PROLOGUE IFIRCH 
C*****precision > double

IMPLICIT DOUBLE PRECISION (A-H,0-Z), INTEGER (I-N) 
*****END precision > double

*****precision > single
IMPLICIT REAL (A-H, O-Z), INTEGER (I-N)

*****END precision > single

CHARACTER* (*)STRING
FIRST EXECUTABLE STATEMENT IFIRCH 

NLOOP = LEN(STRING)
C

IF (NLOOP .EQ. 0) THEN 
IFIRCH = 0 
RETURN 

ENDIF
C

DO 100 1 = 1 ,  NLOOP
IF (STRING(1:1) .NE. ' ') GO TO 120

100 CONTINUE 
C

IFIRCH = 0 
RETURN 

120 CONTINUE
IFIRCH = I 
END

subroutine FitF(lecho) 
implicit none 
include 'cdparams.fh' 
include 'cdrange.fh' 
include 'cdffunc.fh' 
include 'cdffit.fh' 
include 'cdtemp.fh' 

c local variables
integer iter,1WK,INFO,iWK(mxFitP),M,J,it,ip, I 
integer Iparam(7),lecho,mxIter,mxFEval,mxGEval 

c real*8 Rparam(7),Xguess(mxFitP),Xscale(mxFitP) , Fvalue,
c 2 X(mxFitP),WK(mxFitP*(mxFitP+8)),Fscale
c
c This block has been changed to incorporated with HYBRD1
c

real*8 Rparam(7),Xguess(mxFitP),Xscale(mxFitP) ,
2 Fvalue(mxTPts * mxPPts),
3 X(mxFitP),Fscale,TOL, FNORM,ENORM,
4 WK(mxFitP*mxTPts * mxPPts + 5*mxFitP + mxTPts * mxPPts + 20) 
real*8 T_cheb,P_cheb,RK_tempLog,PhiCh
external FCN 

c end declarations
c get initial guess for solution; scaling info
C
C call initX(Nfit,Xguess, Xscale, Fscale, funstr, Fopt)
C
C CHANGED 02/95

iTempWell = iWell 
iTempProd = iProd
if (Fopt.eq.'CHEB') Nfit = N_cheb*M_cheb 

C w rite(*,*)Nfit,N_cheb,M_cheb
call initX(Nfit,X,Xscale,Fscale,funstr,Fopt)

C
C
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c intialize minimizer
c flag to reset parameters

Iparam(l) = 1 
c call DU4INF(Iparam,Rparam)
c change some parameters for minimizer

call resetP(Iparam,Rparam,mxlter,mxFEval,mxGEval) 
c U2INF is the IMSL minimization fitting routine
c NOTE U2INF is really for single precision but we
c always compile with opt CRAY real*8 - »  single precision
c (changed to du2inf for SGI <ayc 3/94>)
c
c This block has been changed by W. Ing
c sub hybridl from MINPACK was incorporated to replace
c IMSL minimization routine U2INF.
c
c call DU2INF(FCN,Nfit,Xguess,Xscale, Fscale, Iparam, Rparam,
c 2 X, Fvalue, WK)
c
c 1WK ■= mxFitP* (3*mxFitP+13)

TOL = 1.0D-10 
M = ntemps*npres
lwk = mxFitP*M + 5*mxFitP + M + 20 

c Fvalue(l) «= l.d80
c call HYBRD1(FCN,Nfit,X,Fvalue,TOL,INFO,WK,1WK)

call LMDIF1(FCN,M,Nfit,X,Fvalue, TOL, INFO,iWK,WK, 1WK)
FN0RM=EN0RM(M,Fvalue) 

c WRITE(*, 1000)FNORM,INFO, (X(J),J=l,Nfit)
clOOO FORMAT(5X,31H FINAL L2 NORM OF THE RESIDUALS,D15.7// 
c 2 5X,15H EXIT PARAMETER, 16X, 110//
c 3 5X,27H FINAL APPROXIMATE SOLUTION,//5X,4D15.7)

C write(*,*)1...after minizator...'
c 
c 
c
c test for convergence
C if (Iparam(3).ge.mxlter) write(lecho,100) mxlter
C100 format!/,' ERROR: No convergence in *,i5, ' iterations.')
C if (Iparam(4).ge.mxFEval) write(lecho,110) mxFEval
C110 format(/,' ERROR: No convergence in ',i5,
C 2 ' function evaluations.')
C if (Iparam(5).ge.mxGEval) write(lecho,120) mxGEval
C120 format)/,' ERROR: No convergence in ',i5,
C 2 ' gradient evaluations.1)
C

if (INFO.eq.O) write(lecho,100)
100 format(/,' ERROR: Improper input parameters ') 

if (INFO.eq.4) write(lecho,101)
101 format(/,' WARNING: Fvalue is orthogonal to the columns of the Jac 

2obian to machine precision.')
if (INFO.eq.5) write(lecho,102)

102 format(/,' WARNING: Number of calls to FCN has reached or exceeded 
2 200*Nfit')
if (INFO.eq.6) write(lecho,103)

103 format(/,' WARNING: TOL is too small. No further reduction in t 
2he sum of squares in possible')
if (INFO.eq.7) write(lecho,104)

104 format(/,' WARNING: TOL is too small. No further improvment in 
2the approximate solution X is possible')
if (INFO.eq.l) write(lecho,105)

105 format(/,' F Fitting : ALGORITHM ESTIMATES THAT THE RELATIVE ERROR 
2 IN THE SUM OF SQUARES IS AT MOST TOL.')
if (INFO.eq.2) write(lecho,106)

106 format(/,' F Fitting : ALGORITHM ESTIMATES THAT THE RELATIVE ERROR
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2 BETWEEN X AND THE SOLUTION IS AT MOST TOL.') 
if (INFO.eq.3) write(lecho,107)

107 format(/,' F Fitting : ALGORITHM ESTIMATES THAT THE RELATIVE ERROR
2 both IN THE SUM OF SQUARES IS AT MOST TOL AND BETWEEN X AND THE
3 SOLUTION IS AT MOST TOL.')

C
C write(*,*)'...before out...'
c write(*,*)(X(J),J=1,Nfit)
c fill out fit parameters into common variables 
C write(*,*)1 ....before FitVec filled out...'
C write (*,*)'... .Nfit ■= '
C write(*,*)Nfit
C write(*,*)' INFO = '
C w rite(*,*)INFO

do 150 iter = l,Nfit
FitVec(iter) = X(iter)

150 continue
if (Fopt.eq.'CHEB') then 

do 153 it = 1, ntemps
do 153 ip = 1, npres

T_cheb = (2.*(1./temp(it))- (1/Tmin)- (1/Tmax)) /
2 ((1/Tmax)- (1/Tmin))
P_cheb = (2.*dlogl0(pres(1, ip))-dloglO(Pmin)-dloglO(Pmax))/

2 (dloglO(Pmax)-dloglO(Pmin))
RK_tempLog = 0.0 
DO 152 1 = 1 ,  N_Cheb 

DO 151 J = 1, M__Cheb
RK_tempLog = RK_tempLog + X ((1-1)*M_cheb+J) *

2 PhiCh(I,T_cheb)*PhiCh(J,P_cheb)
151 CONTINUE
152 CONTINUE

jj t cheb K compare output
153 continue 

endif
C write(*,*)'....after FitVec filled out...'
C write(*,*)' Xl-3 = '
C write(*,*)FitVec(1),FitVec(2),FitVec(3)
C write(*,*)'....lecho, iWell, iProd = 1
C w rite(*,*)lecho,iWell,iProd

return 
end

c *  *  * - ^ ^ 2 ^ ^ ^ *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  *

subroutine resetP(iparam,Rparam,mxl,mxF,mxG) 
c sets up parameters for minimizer - see IMSL doc.

parameter (mxlter = 1000, mxFEval = 4000, mxGEval = 4000) 
integer Iparam(7),mxl,mxF,mxG 
real*8 Rparam(7) 

c all these things have defaults, but some
c we reset
c iparam(l) was control flag which we already invoked
c iparam(2) is # of machine-dependent good digits
c #3 is max # of iterations (def: 100)

Iparam(3) = mxlter 
mxl = mxlter

c #4 is max # of function evaluations (def: 4 00)
Iparam (4) = mxFEval 
mxF = mxFEval 

c #5 is max # of gradient evaluations (def: 4 00)
Iparam (5) = mxGEval 
mxG = mxGEval 

c iparam(6) def = 0 - init Hessian to Identity
c iparam(7) is not used
c Rparam defaults look ok - based on machine
c dependent properties - i don't think we can
c do better - so we leave alone this time

return
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end
c  * * * f c n * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
c subroutine to define objective function
c see IMSL documentation
c
c 02/95 changed to use HYBRD1
c
c subroutine FCN(N, X, F)
c

subroutine FCN(M, N, X, F, IFLAG) 
implicit none 
include 'cdparams.fh' 
include 'cdrange.fh' 
include 'cdffunc.fh' 
include 'cdffit.fh' 
include 'cdtemp.fh' 
include 'cdrates.fh' 

c local variables
integer N,IFLAG,M 
integer it, ip, ii, ntt 
real*8 X(N) , error,cumerr,Ffit,F(N) 
real*8 getFfit 

c end declarations
c cumerr = O.dO
c write(*,*)1 ....xl..x2..x3..'
c write(*,*)x(l),x(2),x(3)

do 200 it = l,ntemps 
cumerr = O.dO 
do 100 ip = l,npres

Ffit = getFfit(N,X,temp(it),Pr(it, ip),Fopt,iTempWell,
2 iTempProd,it,ip)

if (Fopt.eq."CHEB") then
error = DABS((Ffit-DLOGIO(RKfiTempwell,iTempprod,it,ip)))) 

c /
c 2 RK(iTempwell,iTempprod,it,ip) )
c error = (dloglO(Fcalc(it,ip)) - dloglO(Ffit))**2

else
c
c ADDED FOR DEBUG W.ING
c
c open(unit=15,status='unknown' ,file='fort.l5')

if (Ffit.eq.0) Ffit=1.0d-10 
if (Fcalc(it,ip).eq.0) Fcalc(it,ip)=1.0d-10 
error ■= DAB S ((dloglO(Fcalc(it,ip)) - dloglO(Ffit))) 
endif
ntt = (it-l)*npres + ip

c write (15, *) '...... it. . .ip. . . . erroe. . . logRK........ logRK_cal'
c write(15,92)it,ip,error,DLOG(RK(iTempwell,iTempprod,it,ip))
c 2 ,Ffit
c92 formatC ',12,' ',12,' ',F8.4,' ',F8.4,' ',F8.4)

F(ntt) *= error 
c cumerr = cumerr + error
c WRITE(*,*)temp(it),pr(it,ip), error,cumerr
100 continue
c F(it) = cumerr
c W RITE(*,*)F(it)
200 continue 
c
c test
c
C do 200 ii = 1, N
C F(ii) = 1.0d-6
C200 continue
c write(*,*)(X(it),it=l,N)
c F(l) = cumerr

return
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en d
c  * * * piTFOUT * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

s u b r o u t i n e  F i t F o u t ( o p t i o n , l f o u t l ,  l f o u t 2 , i w e l l , i p r o d )  
c  f i l l  o u t  o u t p u t  f i l e s  w i t h  F c a l c  v s  T,  P 

i m p l i c i t  n o n e  
i n c l u d e  ' c d p a r a m s . f h ' 
i n c l u d e  ' c d w e l l O . f h '  
i n c l u d e  ' c d l a b e l s . f h '  
i n c l u d e  ' c d r a n g e . f h ' 
i n c l u d e  ' c d f f u n c . f h '  
i n c l u d e  ' c d f f i t . f h '  

c  l o c a l  v a r i a b l e s
c h a r a c t e r  o p t i o n * 8 , R C n a m e * 2 0  
i n t e g e r  i t , i p , i w e l l , i p r o d , i t e r
i n t e g e r  l f o u t l , I f o u t 2 , i t E m a x , i p E m a x , n F l t 9 0 ,  n E g t l 0 
r e a l * 8  F f i t , e r r o r , e r r o r m x , t o t e r r  
r e a l * 8  g e t F f i t  
c h a r a c t e r  t a b  

c e n d  d e c l a r a t i o n s
t a b  = c h a r (9)
RCname = P D n a m e ( i n p w e l l , i n p c h a n )
w r i t e ( l f o u t l , 50)  o p t i o n , i n p w e l l , i w e l l , i p r o d ,

2 R C n a m e , P D n a m e ( i w e l l , i p r o d )
50 f o r m a t ( / / , l x , a , ' ( ' , i 2 , ' )  - >  ' , i 2 , ' : ' , i 2 ,  ’ ' , a , '  = ’ , a )

w r i t e ( l f o u t l , 150 )  t a b , t a b , t a b , t a b , t a b , t a b , t a b , t a b  
150 f o r m a t ( / , l x , ' T (K) ' , a , '  l O O O / T ' . a , '  l o g  P ' , a , '  l o g  P r ' , a ,

2 1 F c a l c  ' , a , 1- I n F c a l ' , a , ’ F f i t  ' , a , 1- I n F f i t ' , a , ' S e r r o r 1)
n F l t 9 0  = 0 
n E g t l O  = 0 
e r r o r m x  = O.dO 
t o t e r r  = O.dO 
do  350  i t  = l , n t e m p s  

do  300  i p  = l , n p r e s
F f i t  = g e t F f i t ( N f i t , F i t V e c , t e m p ( i t ) , P r ( i t , i p ) , F o p t ,

2 i W e l l , i P r o d , i t , i p )
i f  ( F f i t . l t . 9 . d - 1 )  n F l t 9 0  = n F l t 9 0  + 1

e r r o r  •= ( F c a l c ( i t , i p ) - F f i t )  /  d m i n l ( F c a l c ( i t , i p )  , F f i t )  
i f  ( d a b s ( e r r o r ) . g t . 1 . d - 1 )  n E g t l O  = n E g t l O  + 1 

t o t e r r  = t o t e r r  + d a b s ( e r r o r )  
i f  ( d a b s ( e r r o r ) . g t . e r r o r m x )  t h e n  

e r r o r m x  = d a b 3 ( e r r o r )  
i t E m a x  = i t  
i pE m a x  = i p  

e n d i f
c

i f  ( F f i t . e q . 0) F f i t = 1 . 0 d - 1  
i f  ( P r ( i t , i p ) . e q . 0) P r ( i t , i p ) = 1 . 0 d - l  
i f  ( p r e s ( i t , i p ) . e q . 0) p r e s ( i t , i p ) = 1 . 0 d - l  
i f  ( F c a l c ( i t , i p ) . e q . 0) F c a l c ( i t , i p ) = 1 . O d - 1

c 
c  
c  
c  
c  
c
c  2
c  3
c  4
c2 8 0  
c  2

2
3
4

280
2

w r i t e ( l f o u t l , 280 )  t e m p ( i t ) , t a b , 1 0 0 0 . d O / t e m p ( i t ) , 
t a b , d l o g l O ( p r e s ( i t , i p ) ) , t a b , d l o g l O ( P r ( i t , i p ) ) ,  
t a b , F c a l c ( i t , i p ) , t a b ,  - d l o g ( F c a l c ( i t ,  i p ) ) ,  
t a b , F f i t , t a b , - d l o g ( F f i t ) , t a b , e r r o r * 1 0 0 . dO 

f o r m a t  ( '  1 , f 7 . 2 ,  a ,  f  7 .  4 , a ,  f  7 . 3 ,  a ,  f 7 . 3 ,  a ,  f 7  . 4 , a ,  f 7  . 3,  
a ,  f 7 . 4,  a ,  f  7 .  3 ,  a ,  f 7 . 2) 

w r i t e ( l f o u t l , 280 )  t e m p ( i t ) , t a b , 1 0 0 0 . d O / t e m p ( i t ) ,
t a b , d l o g l O ( p r e s ( i t , i p ) ) , t a b , d l o g l O ( P r ( i t , i p ) ) ,  
t a b , F c a l c ( i t , i p ) , t a b , ( F c a l c ( i t , i p ) ) ,  
t a b , F f i t , t a b ,  ( F f i t ) , t a b ,  e r r o r * 1 0 0 . dO 

f o r m a t ( ’ ' , f 7 . 2 , a , f 7 . 4 , a , f 7 . 3 , a , f 7 . 3 , a , f 7 . 4 , a , f 7 . 3 ,  
a , f 7 . 4 , a , f 7 . 3 , a , f l 0 . 2 )
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300 c o n t i n u e
350 c o n t i n u e
c  now w r i t e  summary  o u t p u t  t o  l f o u t 2

w r i t e ( l f o u t 2 , 50)  o p t i o n , i n p w e l l , i w e l l , i p r o d ,
2 R C n a m e , P D n a m e ( i w e l l , i p r o d )  

w r i t e ( l f o u t 2 , 400 )  f u n s t r  
400 f o r m a t ( / , '  F i t :  1, a , / )  

d o  430 i t e r  = l , N f i t  
w r i t e ( l f o u t 2 , 410)  i t e r , F i t V e c ( i t e r )

410 f o r m a t e  P a r a m ( 1, i 2 ,  ' )  : ' , l p e l 4 . 7 )
430 c o n t i n u e

w r i t e ( l f o u t 2 , 450 )  n p r e s * n t e m p s , n F l t 9 0 , n E g t l O ,
2 1 0 0 . d 0 * t o t e r r / ( n p r e s * n t e m p s )

450 f o r m a t ( / , '  T o t a l  p o i n t s :  ' , i 3 , '  # F ^ s  < 0 . 9 :  ' , i 3 ,
2 ' # e r r  > 10%: ' , i 3 , '  a v g  e r r % :  ' , f 5 . 2 )

F f i t  = g e t F f i t ( N f i t , F i t V e c , t e m p ( i t E m a x ) ,
2 P r ( i t E m a x , i p E m a x ) , F o p t , i W e l l , i P r o d , i t E m a x , i p E m a x )

C
C

i f  ( p r e s ( i t E m a x , i p E m a x ) . e g . 0) p r e s ( i t E m a x , i p E m a x ) = 1 . 0 d - l
C
C
c  w r i t e ( l f o u t 2 , 460)  e r r o r m x * 1 0 0 . d O , t e m p ( i t E m a x )  ,
c  2 d l o g l O ( p r e s ( i t E m a x , i p E m a x ) ) , F c a l c ( i t E m a x , i p E m a x ) , F f i t
c4 60  f o r m a t ( / , '  W o r s t  e r r o r % : ' , f 5 . 1 '  T:  1, f 6 . 1 ,  1 l o g P :  ' , f 5 . 2 ,  
c  2 ' F c a l c :  ’ , f 7 . 4 , '  F f i t :  • , f 7 . 4 )

w r i t e ( l f o u t 2 ,  4 60) e r r o r m x * 1 0 0 . dO, t e m p ( i t E m a x )  ,
2 ( p r e s ( i t E m a x , i p E m a x ) ) , F c a l c ( i t E m a x , i p E m a x ) , F f i t  

460 f o r m a t ! / , '  W o r s t  e r r o r % :  ' , f 8 . 1 '  T:  ' , f 6 . 1 , '  l o g P :  ' , f 5 . 2 ,
2 ' F c a l c :  ' , f l 0 . 4 , '  F f i t :  ’ , f l 0 . 4 )

r e t u r n  
e nd

c

c * * *FCHEBOUT** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
s u b r o u t i n e  F C h e b O u t ( o p t i o n , l f o u t l ,  l f o u t 2 ,  l f o u t 3 ,  i w e l l ,  i p r o d )  

c  f i l l  o u t  o u t p u t  f i l e s  w i t h  F c a l c  v s  T,  P 
i m p l i c i t  n o n e  
i n c l u d e  ' c d p a r a m s . f h '  
i n c l u d e  ' c d w e l l O . f h '  
i n c l u d e  ' c d l a b e l s . f h '  
i n c l u d e  ' c d r a n g e . f h '  
i n c l u d e  ' c d f f u n c . f h '  
i n c l u d e  ' c d f f i t . f h '  
i n c l u d e  ' c d r a t e s . f h '  
i n c l u d e  ' c d k f i t . f h '  
i n c l u d e  ' c d c o l l s . f h '  

c  l o c a l  v a r i a b l e s
c h a r a c t e r  o p t i o n * 8 , RCname*20,  Pname*20
i n t e g e r  i t , i p , i w e l l , i p r o d ,  i t e r ,  I ,  J ,  i r e s t
i n t e g e r  l f o u t l , l f o u t 2 , i t E m a x , i p E m a x , n F l t 9 0 , n E g t l O ,  l f o u t 3
r e a l * 8  F f i t , e r r o r , e r r o r m x ,  t o t e r r
r e a l * 8  g e t F f i t , R K _ t e m p L o g , R K _ t e m p , P h i C h , a , r n , e a
c h a r a c t e r  t a b
i n t e g e r * 2  y e a r , m o n t h ,  d a y
CHARACTER FIL E _I N P * 20 ,  FILE_LOG*20,  FILE_COL*20,

1 F ILE_KIN*20 ,  FILE_OUT*20,  FILE_NAME*20
COMMON/FILE/FILE_INP ,F ILE_LOG,FILE_COL,FILE_K1N,FILE_0UT,  FILE_NAME

c  e n d  d e c l a r a t i o n s
t a b  = c h a r (9)
RCname = P D n a m e ( i n p w e l l , i n p c h a n )
w r i t e ( l f o u t l , 50)  o p t i o n , i n p w e l l , i w e l l ,  i p r o d ,

2 R C n a m e , P D n a m e ( i w e l l , i p r o d )
50 f o r m a t ( / / , l x , a , ’ ( ' , i 2 , ' )  - >  ' , i 2 , ' :  ' , i 2 ,  ' ' , a , '  = ' , a )

w r i t e ( l f o u t l , 150)  t a b , t a b , t a b , t a b , t a b , t a b , t a b , t a b
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150 f o r m a t ( / , l x , ' T (K) ' , a , 1 1 0 0 0 / T ' , a , ' l o g  P ' , a , '  l o g  P r ' , a ,
2 ' K c a l c  ' , a , 1l o g K c a l ' , a , ' K f i t  ' , a ,  ' l o g K f i t 1, a , ' ( e r r o r 1)

n F l t 9 0  = 0 
n E g t l O  *= 0 
e r r o r m x  » O.dO 
t o t e r r  “  O.dO 
d o  350  i t  *= l , n t e m p s  

d o  300  i p  «= l , n p r e s
RK_tempLog *= g e t F f i t ( N f i t , F i t V e c ,  t e m p ( i t ) , P r ( i t , i p ) , F o p t ,  

2 i W e l l , i P r o d , i t , i p )
RK_temp = 1 0 * * (RK_tempLog)  
i f  ( F f i t . I t . 9 . d - 1 )  n F l t 9 0  = n F l t 9 0  + 1

e r r o r  ■= ( R K _ t e m p - R K ( i w e l l ,  i p r o d ,  i t ,  i p ) ) /
2 R K ( i w e l l , i p r o d , i t , i p )

i f  ( d a b s  ( e r r o r )  . g t . l . d - 1 )  n E g t l O  «= n E g t l O  + 1 
t o t e r r  “  t o t e r r  + d a b s ( e r r o r )  
i f  ( d a b s ( e r r o r ) . g t . e r r o r m x )  t h e n  

e r r o r m x  ■= d a b s  ( e r r o r )  
i t E m a x  «■ i t  
i pEm ax  = i p  

e n d i f
c

i f  ( F f i t . e q . 0 )  F f i t = 1 . 0 d - 1  
i f  ( P r ( i t , i p ) . e q . 0) P r ( i t , i p ) = 1 . 0 d - l  
i f  ( p r e s  ( i t , i p ) . e q . 0) p r e s ( i t , i p ) = 1 . 0 d - l  
i f  ( F c a l c ( i t , i p ) . e q . 0 )  F c a l c ( i t , i p ) = 1 . 0 d - l

c
c  w r i t e ( I f o u t l , 280)  t e m p ( i t ) , t a b , 1 0 0 0 . d O / t e m p ( i t ) ,
c  2 t a b , d l o g l O ( p r e s ( i t , i p ) ) , t a b , d l o g l O ( P r ( i t , i p ) ) ,
c  3 t a b , F c a l c ( i t , i p ) , t a b , - d l o g ( F c a l c ( i t , i p ) ) ,
c  4 t a b , F f i t , t a b , - d l o g ( F f i t ) , t a b , e r r o r * 1 0 0 . dO
c 2 8 0  f o r m a t ( '  1, f 7 . 2 ,  a ,  f 7 . 4 ,  a ,  f  7 . 3 ,  a ,  f 7 . 3 ,  a ,  f 7  . 4,  a ,  f 7  . 3,
c  2 a ,  f 7  . 4 ,  a ,  f 7 . 3 ,  a ,  f 7  . 2 )
c

w r i t e ( l f o u t l , 280 )  t e m p ( i t ) , t a b , 1 0 0 0 . d O / t e m p ( i t ) ,
2 t a b , d l o g l O ( p r e s ( i t ,  i p ) ) , t a b , d l o g l O ( P r ( i t , i p ) ) ,
3 t a b , R K ( i w e l l ,  i p r o d ,  i t , i p ) , t a b ,
4 D L O G 1 0 ( R K ( i w e l l , i p r o d , i t , i p ) ) ,
4 t a b , R K _ t e m p , t a b ,  DLOG10(RK_temp) , t a b ,  e r r o r * 1 0 0 . dO

280 f o r m a t e  1 , f 7 . 2 ,  a ,  f 7 . 4 ,  a ,  f 7 . 3 ,  a ,  f 7 . 3 ,  a ,  E12 . 4 ,  a ,  f  7 . 3,
2 a , E 1 2 . 4 , a , f 7 . 3 , a , F 8 . 3 )

300  c o n t i n u e
350 c o n t i n u e
c  now w r i t e  summary  o u t p u t  t o  l f o u t 2

w r i t e ( l f o u t 2 , 50)  o p t i o n , i n p w e l l , i w e l l , i p r o d ,
2 R C n a m e , P D n a m e ( i w e l l ,  i p r o d )

w r i t e ( l f o u t 2 , 400)  f u n s t r  
400 f o r m a t ( / , '  F i t :  ' , a , / )  

d o  430  i t e r  = l , N f i t  
w r i t e ( l f o u t 2 , 410)  i t e r , F i t V e c ( i t e r )

410 f o r m a t e  P a r a m ( ' , i 2 ,  ' )  : ' , l p e l 4 . 7 )
430 c o n t i n u e

w r i t e ( l f o u t 2 , 450 )  n p r e s * n t e m p s , n F l t 9 0 , n E g t l O ,
2 1 0 0 . d 0 * t o t e r r / ( n p r e s * n t e m p s )

450 f o r m a t ( / ,  ' T o t a l  p o i n t s :  ' , i 3 ,  ' # F " s  < 0 . 9 :  ' , i 3,
2 1 # e r r  > 10%: ' , i 3 , '  a v g  e r r % :  ’ , f 5 . 2 )

F f i t  = g e t F f i t ( N f i t ,  F i t V e c ,  t e m p ( i t E m a x ) ,
2 P r ( i t E m a x , i p E m a x ) , F o p t , i W e l l , i P r o d , i t E m a x , i p E m a x )

C

C

i f  ( p r e s ( i t E m a x ,  i p E m a x ) . e q . 0) p r e s ( i t E m a x ,  i p E m a x ) = 1 . 0 d - l
C

c
c w r i t e ( l f o u t 2 ,  450)  e r r o r m x * 1 0 0 . d O , t e m p ( i t E m a x )  ,
c 2 d l o g l O ( p r e s ( i t E m a x ,  i p E m a x ) ) , F c a l c ( i t E m a x , i p E m a x ) , F f i t
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c4 6 0  f o r m a t ( / ,  ' W o r s t  e r r o r % : ' , f 5 . 1 '  T :  ' , f 6 . 1 , '  l o g P :  1, f 5 . 2 ,  
c  2 1 F c a l c :  \ f 7 . 4 , '  F f i t :  \ f 7 . 4 )

w r i t e ( l f o u t 2 , 4 60) e r r o r m x * 1 0 0 . d O , t e m p ( i t E m a x ) ,
2 ( p r e 3 ( i t E m a x , i p E m a x ) ) , R K ( i w e l l , i p r o d , i t E m a x , i p E m a x ) , 1 0 * * f F I T  

460 f o r m a t ( / , '  W o r s t  e r r o r % :  ' , f 8 . 1 '  T:  ' , f 6 . 1 , '  P:  ' , f 5 . 2 ,
2 ’ K c a l c :  ' , e l l . 4 , '  K f i t :  ' , e l l . 4 )

C
c  now w r i t e  summary  o u t p u t  t o  l f o u t 3
C

c a l l  c o n c a t ( P D n a m e ( i n p w e l l , i n p c h a n ) , '  (+M) ' , RCname)
c a l l  c o n c a t ( P D n a m e ( i w e l l , i p r o d ) , '  ( + M ) ' , P n a m e )  

c  RCname = P D n a m e ( i n p w e l l , i n p c h a n )
a  = 1 . 0  
r n  = 0 . 0  
e a  = 0 . 0
c a l l  g e t d a t ( y e a r , m o n t h , d a y )  
y e a r  = y e a r  -  1900  
i r e s t  «= M O D ( N f i t - 4 ,  5)
w r i t e ( l f o u t 3 , 500 )  R C n a m e , P n a m e , a , r n , e a , F I L E _ N A M E , m o n t h , y e a r  

500  f o r m a t  ( a ,  ' <=> \ a , l p e 9 . 2 , '  , , 0 p f 7 . 3 , '  \ f 7 . 0 , l x ,
2 ' !  1 , A 8 , l x , 1 2 , ' / ' , 1 2 )

w r i t e ( l f o u t 3 , 510)
510  f o r m a t e  LOW /  1 . 0  0 . 0  0 . 0  / ' )

w r i t e ( l f o u t 3 , 5 2 0 ) n _ c h e b ,  m _ c h e b ,  ( F i t V e c ( i t e r ) , i t e r = l , 4 )
520  f o r m a t e  CHEB/ ' ,  I I ,  3 x ,  I I ,  5x ,  l p 4  ( l x ,  e l l . 4) , ' /  ’ )

w r i t e ( l f o u t 3 , 5 3 0 ) ( F i t V e c ( i t e r ) , i t e r = 5 , N f i t - i r e s t )
530  f o r m a t ( 1 ( 1 CHEB/’ , l p 5 ( l x , e l l . 4 ) , ' / ' ) )  

i f  ( i r e s t . e q . l )  t h e n
w r i t e ( l f o u t 3 , 5 4 0 ) ( F i t V e c ( i t e r ) , i t e r = N f i t - i r e s t + 1 , N f i t )

540 f o r m a t e  CHEB/ ' ,  l p l x ,  e l l . 4 ,  ’ /  ' )
e l s e i f  ( i r e s t . e q . 2) t h e n

w r i t e ( I f o u t 3 , 5 5 0 ) ( F i t V e c ( i t e r ) , i t e r = N f i t - i r e s t + 1 , N f i t )
550  f o r m a t e  CHEB/ ' ,  l p 2  ( l x ,  e l l . 4) , ’ /  ' )

e l s e i f  ( i r e s t . e q . 3) t h e n
w r i t e ( I f o u t 3 , 5 6 0 ) ( F i t V e c ( i t e r ) , i t e r = N f i t - i r e s t + l , N f i t )

560 f o r m a t e  CHEB/ ' ,  l p 3  ( l x ,  e l l . 4) , ' /  ' )
e l s e i f  ( i r e s t . e q . 4) t h e n

w r i t e ( l f o u t 3 , 5 7 0 ) ( F i t V e c ( i t e r ) , i t e r = N f i t - i r e s t + 1 , N f i t )
570  f o r m a t C  CHEB/1, l p 4  ( l x ,  e l l . 4) , ' /  ' )

e n d i f
c d o  430 i t e r  = l , N f i t
c  w r i t e ( l f o u t 3 , 600) i t e r , F i t V e c ( i t e r )
c 600 f o r m a t e  P a r a m ( ' , i 2 ,  1) : ' , l p e l 4 . 7 )
c 4 3 0  c o n t i n u e
cCH3 + OH (+M) = CH20 + H2 (+M) 1 . 0 0 E + 0 0  0 . 0 0  0 .  ! 4 . 0 4 E+12
- 0 . 5 1  2 8 3 9 .  ICHEM241
c LOW /  1 . 0  0 . 0  0 . 0  /
c  CHEB/7 3 1 . 00441 96E +01  - 7 . 3 3 3 3 1 3 1 E - 0 1  - 2 . 9 2 9 2 3 5 5 E - 0 1 /  
c  CHEB/ 5 . 4 8 6 1 E - 0 1  7 . 0 8 0 5 E - 0 1  2 . 3 2 4 1 E - 0 1  5 . 8 6 9 4 E - 0 2  9 . 3 5 6 5 E - 0 2 /
c  CHEB/8 . 3 9 8 1 9 4 1 E - 02 - 2 . 2 4 2 3 9 8 3 E - 0 2  - 3 . 0 2 5 1 31 3 E -0 2  4 . 4 6 8 7 7 4 2 E - 0 4  -  
1 . 7 9 2 8 8 4 3 E - 0 2 /
c  C H E B / - 2 . 8 7 6 4 7 7 8 E - 0 2  - 1 . 5 3 4 7 5 6 7 E - 0 2  - 7 . 4 3 1 0 5 8 5 E - 0 3  - 1 . 3 0 0 8 5 62E -0 2  -  
9 . 7 0 0 5 8 0 5 E - 0 3 /
c  C H E B / - 1 . 8 0 6 7 8 3 0 E - 0 3  - 3 . 2 0 1 3 9 3 9 E - 0 3  - 3 . 1 5 8 5 2 7 3 E - 0 3 /  
c

r e t u r n
e n d

c * * * I N I T X * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  *******
c s u b  t o  r e t u r n  i n i t i a l - g u e s s  s o l u t i o n  a n d  s c a l i n g  p a r a m e t e r s

s u b r o u t i n e  i n i t X ( N p a r , X 0 , X s c a l e , F s c a l e , I D s t r , o p t i o n )  
i m p l i c i t  n o n e  

c l o c a l  v a r i a b l e s
i n t e g e r  N p a r
r e a l * 8  X 0 ( * ) , X s c a l e ( * ) ,  F s c a l e



426

c h a r a c t e r  I D s t r * ( * ) , o p t i o n * 8  
c  e n d  d e c l a r a t i o n s
c  IMPORTANT: t h e s e  o p t i o n s  a r e  s e t  i n  g e t p a r a m s

i f  ( o p t i o n . e q . ' T r o e ' ) t h e n  
c a l l  i n i t T r o e ( N p a r , X 0 , X s c a l e , F s c a l e , I D 3 t r )  

e l s e  i f  ( o p t i o n . e q . ' C H E B ' ) t h e n  
c a l l  i n i t C h e b ( N p a r , X O , X s c a l e , F s c a l e , I D s t r )  

e l s e  i f  ( o p t i o n . e q . ' S R I ' )  t h e n  
c a l l  i n i t S R I ( N p a r , X O , X s c a l e , F s c a l e , I D s t r )  

e l s e  i f  ( o p t i o n . e q . ' FRENK' ) t h e n  
c a l l  i n i t F r e K ( N p a r ,  XO, X s c a l e , F s c a l e ,  I D s t r )  

e l s e
c a l l  i n i t D E F ( N p a r , X O , X s c a l e , F s c a l e , I D s t r )  

e n d i f
r e t u r n

e n d
c* * * G E T F F IT * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
c  r o u t i n e  t o  r e t u r n  f i t t e d  F

f u n c t i o n  g e t F f i t ( N p a r , X , T , P , o p t i o n , i W e l l , i P r o d ,  i t , i p )  
i m p l i c i t  n o n e  

c  l o c a l  v a r i a b l e s
i n t e g e r  N p a r
r e a l *8 X ( * ) , T , P , i t , i p , i W e l l , i P r o d
r e a l * 8  g e t F f i t , g e t T r o e , g e t S R I , g e t D e f , g e t F r e K ,  g e t c h e b  
c h a r a c t e r  o p t i o n * 8  

c e n d  d e c l a r a t i o n s
i f  ( o p t i o n . e q . ' T r o e ' ) t h e n  

g e t F f i t  = g e t T r o e ( N p a r , X , T , P )
e l s e  i f  ( o p t i o n . e q . ' CHEB' ) t h e n  

g e t F f i t  = g e t c h e b ( N p a r , X , T , P , i W e l l , i P r o d , i t , i p )  
e l s e  i f  ( o p t i o n . e q . ' S R I ' )  t h e n  

g e t F f i t  = g e t S R I ( N p a r , X , T , P )
e l s e  i f  ( o p t i o n . e q . ' FRENK' ) t h e n  

g e t F f i t  = g e t F r e K ( N p a r , X , T , P , i W e l l , i P r o d ,  i t , i p )  
e l s e

g e t F f i t  = g e t D e f ( N p a r , X , T , P )  
e n d i f  
r e t u r n  
e n d

c* * * INITCHEB* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
c  c o m p a n i o n  r o u t i n e  t o  g e t F r e K  f o r  i n i t i a l i z i n g  v a r i a b l e s

s u b r o u t i n e  i n i t C h e b ( N p a r , X O , X s c a l e , F s c a l e , I D s t r )  
i m p l i c i t  n o n e  

c l o c a l  v a r i a b l e s
i n t e g e r  i t e r  
i n t e g e r  N p a r , M p a r  
r e a l * 8  XO( * ) , X s c a l e ( * ) , F s c a l e  
c h a r a c t e r  I D s t r * (*) 

c e n d  d e c l a r a t i o n s
c N p a r  = 3
c  n o  b e t t e r  i d e a  s o  s e t  X s c a l e  t o  1 -  s e e  IMSL d e s c r i p t i o n ;
c s e t  a l l  x ' s  t o  o r d e r  1 (we d e f i n e  T ' s  a s  x ' s  * 1000)
c  e n t e r  F I T  f u n c t i o n  ID s t r i n g  h e r e

I D s t r  = ' M , N - P a r a m e t e r  C h e b y s h e v  F i t  i n  T / 1 0 0 0  ( w / a t a n ) '
d o  10 i t e r  = l , N p a r  

X s c a l e ( i t e r )  *= l . d O  
X O ( i t e r )  = 5 . d 0  

10 c o n t i n u e
F s c a l e  = l . d O

c Now we r e s e t  t h e  a f a c t o r
c  XO (3) = 2 . 0

r e t u r n  
e n d

c***GETCHEB**** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
c f u n c t i o n  t o  r e t u r n  d e f a u l f  " a "  f i t t i n g  f u n c t i o n  

f u n c t i o n  g e t c h e b ( N p a r , X , T , P , i W e l l , i P r o d , i t , i p )
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i m p l i c i t  n o n e  
i n c l u d e  ' c d p a r a m s . f h ' 
i n c l u d e  ’ c d r a n g e . f h '  
i n c l u d e  ' c d r a t e s . f h '  
i n c l u d e  ' c d l i m f i t . f h '  
i n c l u d e  ' c d f f u n c . f h '  

c  l o c a l  v a r i a b l e s
i n t e g e r  N p a r , i t , i p , i W e l l , i P r o d , I , J  
r e a l * 8  X ( * ) , T , P , a
r e a l * 8  g e t c h e b , k F i t , P h i C h , T _ c h e b , P _ c h e b , R K _ t e m p L o g  

e n d  d e c l a r a t i o n s
a  « X ( 1 ) * d e x p ( - ( ( d l o g l O ( P ) - X ( 2 ) ) / X ( 3 ) ) * * 2 ) - ( 1 / n P r ( i w e l l , i p r o d ) ) 
k F i t  «= ( R K ( i w e l l , i p r o d , i t , 0 ) **a  + R K ( i w e l l ,  i p r o d , i t , n p r e s + 1 ) **a)  

2 * * ( 1 / a )
T _ c h e b  = ( 2 . * ( 1 . / t e m p ( i t ) ) - ( 1 / T m i n ) - ( 1 / T m a x ) ) /

2 { ( 1 / T m a x ) - ( 1 / T m i n ) )
P _ c h e b  ■= ( 2 . * d l o g l 0 ( p r e s ( 1 , i p ) ) - d l o g l O ( P m i n ) - d l o g l O ( P m a x ) ) /

2 ( d l o g l O ( P m a x ) - d l o g l O ( P m i n ) )
RK_tempLog  = 0 . 0  
DO 20 I  = 1,  N_Cheb 

DO 10 J  = 1,  M_Cheb
w r i t e ( * , * ) RK_tempLog ,  ( ( 1 - 1 ) *M_cheb+J)  , X ( ( I - 1 ) * M _ c h e b + J ) ,

2 P h i C h ( I , T _ c h e b ) , P h i C h (J , P _ c h e b )
RK_tempLog = RK_tempLog 

2 + X ( ( 1 - 1 ) * M _ c h e b + J ) * P h i C h ( I , T _ c h e b ) * P h i C h ( J , P _ c h e b )
0 CONTINUE
0 CONTINUE

R K _ C h e b ( i w e l l ,  i p r o d ,  i t ,  i p ) = 1 0 * * R K _ t e m p L o g

w r i t e ( * , * ) ' . . . i t . . . . i p . . . . a . . . k . . . k f i t . . . '
w r i t e ( * , * ) i t , i p , a ,  R K ( i w e l l , i p r o d , i t , i p ) , k F i t  
w r i t e ( * , * ) ' . . . i t . . . i p . . . 1 
w r i t e (* ,  * ) i t , i p
g e t c h e b  = R K _ C h e b ( i w e l l ,  i p r o d , i t , i p )  

g e t c h e b  = RK_tempLog
w r i t e ( * , * ) ' — l o g k 0 * * a + k i n f  * * a - l o g k * * a ....................g e t c h e b  = . . . ’
w r i t e ( * , * ) g e t c h e b  

r e t u r n  
e n d

* * PHICH* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

FUNCTION P h i C h ( i , x )  
i m p l i c i t  n o n e  

c  l o c a l  v a r i a b l e s
i n t e g e r  i  
r e a l *8 x , P h i C h

c
P h i C h  = DCOS( ( i  — 1 ) *DACOS(x))
r e t u r n
e n d

c* * * INITFREK** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
c  c o m p a n i o n  r o u t i n e  t o  g e t F r e K  f o r  i n i t i a l i z i n g  v a r i a b l e s  

s u b r o u t i n e  i n i t F r e K ( N p a r , X 0 , X s c a l e ,  F s c a l e ,  I D s t r )  
i m p l i c i t  n o n e  

c  l o c a l  v a r i a b l e s
i n t e g e r  i t e r  
i n t e g e r  N p a r
r e a l * 8  X 0 ( * ) , X s c a l e ( * ) ,  F s c a l e  
c h a r a c t e r  I D s t r * (*) 

c  e n d  d e c l a r a t i o n s
N p a r  = 3

c  n o  b e t t e r  i d e a  s o  s e t  X s c a l e  t o  1 -  s e e  IMSL d e s c r i p t i o n ;
c s e t  a l l  x ' s  t o  o r d e r  1 (we d e f i n e  T ' s  a s  x ' s  * 1000)
c  e n t e r  F IT  f u n c t i o n  ID s t r i n g  h e r e

I D s t r  = ' 3 - P a r a m e t e r  F r e n k l a c h  F i t  i n  T / 1 0 0 0  ( w / a t a n ) ' 
d o  10 i t e r  = l , N p a r
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X s c a l e ( i t e r )  = l . d l  
XO ( i t e r )  «  5 . d - 1  

10 c o n t i n u e
F s c a l e  = l . d O  

c  Now we r e s e t  t h e  a  f a c t o r
XO (3)  = 2 . 0  
r e t u r n  
e n d

C * * * GETFREK* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
c  f u n c t i o n  t o  r e t u r n  d e f a u l f  " a "  f i t t i n g  f u n c t i o n

f u n c t i o n  g e t F r e K ( N p a r , X , T , P , i W e l l , i P r o d , i t , i p )  
i m p l i c i t  n o n e  
i n c l u d e  ' c d p a r a m s . f h 1 
i n c l u d e  ' c d r a n g e . f h '  
i n c l u d e  ' c d r a t e s . f h '  
i n c l u d e  ' c d l i m f i t . f h '  
i n c l u d e  ' c d f f u n c . f h '  

c  l o c a l  v a r i a b l e s
i n t e g e r  N p a r , i t , i p ,  i W e l l ,  i P r o d  
r e a l * 8  X ( * ) , T , P , a  
r e a l * 8  g e t F r e K , k F i t  

c  e n d  d e c l a r a t i o n s
a  = X ( 1 ) * d e x p ( - ( ( d l o g l O ( P ) - X ( 2 ) ) / X ( 3 ) ) * * 2 ) - ( 1 / n P r ( i w e l l , i p r o d ) ) 
k F i t  = ( R K ( i w e l l , i p r o d , i t ,  0 ) * *a  + R K ( i w e l l , i p r o d , i t , n p r e s + 1 ) **a)  

2 * * ( 1 / a )
c w r i t e  ( * , * ) ' . . . i t  i p .  a . . . k  k f i t  1
c w r i t e ( * , * ) i t , i p , a , R K ( i w e l l , i p r o d , i t ,  i p ) , k F i t
c  w r i t e  { * , * ) ' . . . i t . . . i p . . . '
c w r i t e ( * , * ) i t , i p

g e t F r e K  = d l o g l O ( R K ( i w e l l , i p r o d , i t , 0 ) **a
2 + R K ( i w e l l , i p r o d , i t , n p r e s + 1 ) * * a )
3 -  d l o g l O ( R K ( i w e l l , i p r o d , i t ,  i p ) * * a )

c w r i t e  ( * , * ) ' . . . l o g k 0 * * a + k i n f * * a - l o g k * * a .....................g e t F r e K  =
c  w r i t e ( * , * ) g e t F r e K

r e t u r n  
e n d

c* * * INITDEF* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
c c o m p a n i o n  r o u t i n e  t o  g e t D e f  f o r  i n i t i a l i z i n g  v a r i a b l e s

s u b r o u t i n e  i n i t D e f ( N p a r , X O , X s c a l e , F s c a l e , I D s t r )  
i m p l i c i t  n o n e  

c  l o c a l  v a r i a b l e s
i n t e g e r  i t e r
i n t e g e r  N p a r , i a m p , i o f f , i w i d t h , i a s y m  
r e a l * 8  XO( * ) , X s c a l e ( * ) , F s c a l e  
c h a r a c t e r  I D s t r * (*) 

c  e n d  d e c l a r a t i o n s c  make c o n s i s t e n t  w i t h  g e t D e f
d a t a  i a m p , i w i d t h , i a s y m , i o f f / l , 6 , 9 , 1 2 /

N p a r  = 12
c n o  b e t t e r  i d e a  s o  s e t  X s c a l e  t o  1 -  s e e  IMSL d e s c r i p t i o n ;
c  a l s o  z e r o  o u t  a l l  XO ' s  b e f o r e  s e t t i n g  n o n - z e r o  v a l u e s
c ok  -  l e t ' s  t r y  n o t  q u i t e  z e r o i n g  o u t  (we w a n t  i n i t  v e c t o r
c  a l l  t h e  same  o r d e r  o f  m a g n i t u d e )
c  e n t e r  F IT  f u n c t i o n  ID s t r i n g  h e r e

I D s t r  = 'G ( 1 2 ) :  5 amp,  3 w i d t h ,  3 a sym,  1 s h i f t ,  e x p  = 1 / 2 '  
d o  10 i t e r  = l , N p a r  
X s c a l e ( i t e r )  = l . d O  
X0 ( i t e r )  «= l . d - 1  

10 c o n t i n u e
F s c a l e  = l . d O  

c  Now we r e s e t  t h e  a m p l i t u d e  a n d  w i d t h
XO( i amp)  = l . d O  
X 0 ( i w i d t h )  = 2 . d 0  
r e t u r n  
e n d

c* * * GETDEF* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
c  f u n c t i o n  t o  r e t u r n  d e f a u l f  F f i t t i n g  f u n c t i o n



f u n c t i o n  g e t D e f ( N p a r , X , T , P )  
i m p l i c i t  n o n e  

l o c a l  v a r i a b l e s  
i n t e g e r  N p a r , i a m p , i o f f ,  i w i d t h , i a s y m
r e a l *8 X ( * ) , T , P , F c e n t L n ,  F L S h a p e , P l g o f f , W i d t h , a s y m ,  P i g ,

2 a r g , T n m  
r e a l * 8 g e t D e f  

e n d  d e c l a r a t i o n s
d a t a  i a m p , i w i d t h ,  i a s y m ,  i o f f / l ,  6,  9 , 1 2 /

IMPORTANT: d a t a  s t a t e m e n t  m u s t  b e  c o n s i s t e n t  w i t h  i n i t D e f  
I D s t r  s e t  i n  i n i t D e f  

we i n v e n t  new s c a l e d  T 
Tnm = ( l . d - 3 * T ) * * 0 . 5  

u s e  b a s e  10 l o g  f o r  P 
P i g  «= d l o g l O  (P) 

a :  we u s e  f i r s t  5 p a r a m e t e r s  f o r  a m p l i t u d e  f u n c t i o n  
a n d  we t r y  f i t t i n g  t o  c u b i c  i n  1 0 0 0 . / T

F c e n t L n  = X( i amp+  ) X ( i a m p + 1 ) / (Tnm) + X ( i a m p + 2 ) / (Tnm*Tnm) 
2 + X ( i a m p + 3 ) / (Tnm*Tnm*Trim) + X ( i a m p + 4 ) / (Tnm*Tnm*Tnm*Tnm)
t h e  r e s t  a r e  l i n e s h a p e  p a r a m e t e r s :  
b :  we u s e  3 p a r a m e t e r s  f o r  H a l f - w i d t h  

W i d t h  = X ( i w i d t h )  + X ( i w i d t h + 1 ) / (Tnm) + X ( i w i d t h + 2 ) / (Tnm*Tnm) 
c :  we u s e  3 p a r a m e t e r s  f o r  a s y m m e t r y  p a r a m e t e r

a sy m  = X ( i a s y m )  + X ( i a s y m + 1 ) / (Tnm) + X ( i a s y m + 2 ) / (Tnm*Tnm) 
d :  we u s e  1 p a r a m e t e r  f o r  o f f s e t  f r o m  0 

P l g o f f  = X ( i o f f )  
now t h e  l i n e s h a p e  f u n c t i o n
L o r e n t z i a n :  we d o n ' t  u s e  i t  b u t  we k e e p  i t  j u s t  i n  c a s e  

FL Sh ap e  = l . d O  /
2 ( l . d O  + ( ( P i g  + P l g o f f ) / ( W i d th  + a s y m * P l g ) )** 2  )
G a u s s i a n :

FL S h ap e  = d e x p ( - ( ( P i g  + P l g o f f ) / ( W id th  + a s y m * P i g ) )* * 2 ) 
f i n a l l y  r e t u r n  t h e  s o l u t i o n ;  b u t  c o n s t r a i n  a r g u m e n t  
t o  e x p o n e n t i a l  t o  a v o i d  o v e r f l o w s  

a r g  ** - F L S h a p e * F c e n t L n  
i f  ( a r g . g t . 1 0 0 .dO) a r g  = 1 0 0 . dO 
i f  ( a r g . I t . - 1 0 0 . dO) a r g  = - 1 0 0 . dO 
g e t D e f  = d e x p ( a r g )  
r e t u r n  

e n d
* I N IT T RO E ** ** * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * *

c o m p a n i o n  r o u t i n e  t o  g e t T r o e  f o r  i n i t i a l i z i n g  v a r i a b l e s  
s u b r o u t i n e  i n i t T r o e ( N p a r , X 0 , X s c a l e , F s c a l e , I D s t r )  
i m p l i c i t  n o n e  

l o c a l  v a r i a b l e s  
i n t e g e r  i t e r  
i n t e g e r  N p a r
r e a l * 8  X 0 ( * ) , X s c a l e ( * ) ,  F s c a l e  
c h a r a c t e r  I D s t r * (*) 

e n d  d e c l a r a t i o n s  
N p a r  = 4

n o  b e t t e r  i d e a  s o  s e t  X s c a l e  t o  1 -  s e e  IMSL d e s c r i p t i o n ;  
s e t  a l l  x ' s  t o  o r d e r  1 (we d e f i n e  T ' s  a s  x ' s  * 1000)  
e n t e r  F IT  f u n c t i o n  ID s t r i n g  h e r e  

I D s t r  = ' 4 - P a r a m e t e r  T r o e  F i t  i n  T / 1 0 0 0  ( w / a t a n ) ' 
do  10 i t e r  = l , N p a r  

X s c a l e ( i t e r )  = l . d O  
X0 ( i t e r )  = 5 . d - 1  

c o n t i n u e  
F s c a l e  = l . d O  

Now we r e s e t  t h e  a  f a c t o r  
X 0 (1)  = 4 . d - 1  
r e t u r n  
en d

* GETTROE* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
f u n c t i o n  t o  r e t u r n  d e f a u l f  F f i t t i n g  f u n c t i o n
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f u n c t i o n  g e t T r o e ( N p a r , X , T , P )  
i m p l i c i t  n o n e  

c  l o c a l  v a r i a b l e s
i n t e g e r  N p a r , i c o e f
r e a l * 8  X ( * ) , T , P , T S t a r ( 3 ) , a , F c e n t ,

2 F L S h a p e , R n , R c , R d , P i g  
r e a l * 8  g e t T r o e  

c  e n d  d e c l a r a t i o n s
d a t a  Rd / 0 . 1 4 /  

c  we t r y  a t a n  f u n c t i o n  t o  c o n s t r a i n  a  b e t w e e n  0 a n d  1 
a  -  d a t a n ( X ( 1 ) ) / 3 . 1 4 1 5 9 2 6 5 3 5 9d0 + .SdO 

c we w i s h  t o  c o n s t r a i n  T ' s  t o  b e  p o s i t i v e
do  10 i c o e f  «  1 , 3  

T s t a r ( i c o e f )  = l . d 3 * d a b s ( X ( i c o e f + l ) )
10 c o n t i n u e  
c u s e  b a s e  10 l o g  f o r  P

P i g  ■= d l o g l O  (P) 
c  t h i s  i s  r i g h t  o u t  o f  t h e  C hemkin  I I  m a n u a l ,  p g  23

F c e n t  = ( l . d O  -  a ) * d e x p ( - T / T S t a r (3 ) )  + a * d e x p ( - T / T S t a r (1 ) )  
2 + d e x p ( - T S t a r ( 2 ) /T )

Rc = - 0 . 4 d 0  -  0 . 6 7 d 0 * d l o g l 0 ( F c e n t )
Rn = 0 . 7 5  -  1 . 2 7 * d l o g l 0 ( F c e n t )

FL Sh ape  = l . d O  /
2 ( l . d O  + ( ( P i g  + R c ) /  (Rn -  R d * ( P i g  + R c ) ) ) **2  )

g e t T r o e  = F c e n t * * ( F L S h a p e )  
r e t u r n

e n d
c* * * I N I T S R I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
c  c o m p a n i o n  r o u t i n e  t o  g e t S R I  f o r  i n i t i a l i z i n g  v a r i a b l e s  

s u b r o u t i n e  i n i t S R I ( N p a r , X 0 , X s c a l e ,  F s c a l e , I D s t r )  
i m p l i c i t  n o n e  

c  l o c a l  v a r i a b l e s
i n t e g e r  i t e r  
i n t e g e r  N p a r
r e a l * 8  X 0 ( * ) , X s c a l e ( * ) , F s c a l e  
c h a r a c t e r  I D s t r * (*) 

c  e n d  d e c l a r a t i o n s
N p a r  ** 3

c  n o  b e t t e r  i d e a  s o  s e t  X s c a l e  t o  1 -  s e e  IMSL d e s c r i p t i o n ;
c e n t e r  F IT  f u n c t i o n  ID s t r i n g  h e r e

I D s t r  ■= ' 3 - P a r a m e t e r  SRI F i t  i n  T / 1 0 0 0 '  
d o  10 i t e r  = l , N p a r  

X s c a l e ( i t e r )  = l . d O  
X O ( i t e r )  = l . d O  

10 c o n t i n u e
F s c a l e  = l . d O  

c  Now we r e s e t  t h e  a  f a c t o r
X 0(1 )  = 4 . d - 1  
r e t u r n  
e n d

C**‘ GETSRI** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
c  f u n c t i o n  t o  r e t u r n  d e f a u l f  F f i t t i n g  f u n c t i o n

f u n c t i o n  g e t S R I ( N p a r , X , T ,  P) 
i m p l i c i t  n o n e  

c l o c a l  v a r i a b l e s
i n t e g e r  N p a r
r e a l *8 X ( N p a r ) , T , P , a , b , c , F c e n t , F L S h a p e , P i g  
r e a l * 8  g e t S R I  

c  e n d  d e c l a r a t i o n s
c  ( t r i e d  a n  e q u i v  s t a t e m e n t  h e r e ,  b u t  c o m p i l e r  d i d n ' t
c  l i k e  i t  -  p r o b a b l y  b e c a u s e  o f  p a s s e d  v a r i a b l e )

a  = d a b s ( X  (1 ) )  
b  = 1 . d 3 * d a b s ( X (2 ) )  
c  ■= l . d 3 * d a b s  (X (3 ) )  

c  u s e  b a s e  10 l o g  f o r  P
P i g  ■= d l o g l O  (P)
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c  t h i s  i s  r i g h t  o u t  o f  t h e  Ch em ki n  I I  m a n u a l ,  p g  24 -
c  b u t  we h a v e  n o t  i n c l u d e d  t h e  o p t i o n a l  d  a n d  e  f a c t o r s ,
c  b e c a u s e  we d o n ' t  s e e  t h a t  k i n d  o f  l i m i t i n g  b e h a v i o r  

F c e n t  -  a * d e x p ( - b / T )  + d e x p ( - T / c )
FL Sh ap e  -  l . d O  /  ( l . d O  + P l g * * 2  ) 

g e t S R I  ■= F c e n t * *  (FLShape)  
r e t u r n  

e n d
c  we t r i e d  t h e s e  s u b s  b u t  we d o n ' t  u s e  t h e m  an y m or e  
c* *B O U NC R* ** *** *** ** *** *** ** *** *** ** *** *** ** *  
c  f u n c  t o  r e f l e c t  f i t t i n g  p a r a m e t e r  t o  r i g h t  o f  o f  b o u n d a r y

f u n c t i o n  b o u n c R ( x v a l , x l i m , x z o n e )  
i m p l i c i t  n o n e  
r e a l * 8  x v a l , x l i m , x z o n e  
r e a l *8 b o u n c R

c  b o u n c R  i s  t h e  r e f l e c t i o n  o f  x v a l  t o  t h e  o t h e r  s i d e  
c  o f  x l i m  b u t  w i t h i n  t h e  r e g i o n  d e f i n e d  b y  x z o n e
c  x z o n e  s h o u l d  b e  s m a l l  c o m p a r e d  t o  e x p e c t e d  m a g n i t u d e  o f
c  x v a l  ( b e c a u s e  l e g i t i m a t e  x v a l ' s  c o u l d  b e  s t u c k  i n  t h e
c  z o n e ) ;  s t i l l  x z o n e  s h o u l d  b e  l a r g e  e n o u g h  t h a t  t h i n g s
c p u t  t h e r e  d o n ' t  s i m p l e  v a n i s h  i n t o  t h e  n o i s e
c  t h e  t e s t  c o n d i t i o n  ( x v a l  < x l i m )  i s  a s s u m e d

b o u n c R  = x l i m  + x z o n e / ( l . d O  + ( x l i m  -  x v a l ) )  
r e t u r n

en d
c * * BOUNCL* ***********************************
c  f u n c  t o  r e f l e c t  f i t t i n g  p a r a m e t e r  t o  l e f t  o f  o f  b o u n d a r y

f u n c t i o n  b o u n c L ( x v a l , x l i m ,  x z o n e )  
i m p l i c i t  n o n e

r e a l * 8  x v a l , x l i m , x z o n e  
r e a l *8 b o u n c L

c  b o u n c L  i s  t h e  r e f l e c t i o n  o f  x v a l  t o  t h e  o t h e r  s i d e  
c o f  x l i m  b u t  w i t h i n  t h e  r e g i o n  d e f i n e d  b y  x z o n e
c x z o n e  s h o u l d  b e  s m a l l  c o m p a r e d  t o  e x p e c t e d  m a g n i t u d e  o f
c  x v a l  ( b e c a u s e  l e g i t i m a t e  x v a l ' s  c o u l d  b e  s t u c k  i n  t h e
c z o n e ) ; s t i l l  x z o n e  s h o u l d  b e  l a r g e  e n o u g h  t h a t  t h i n g s
c  p u t  t h e r e  d o n ' t  s i m p l e  v a n i s h  i n t o  t h e  n o i s e
c  t h e  t e s t  c o n d i t i o n  ( x v a l  > x l i m )  i s  a s s u m e d

b o u n c L  *= x l i m  -  x z o n e / ( l . d O  + ( x v a l  -  x l i m ) )  
r e t u r n

e n d

p r o g r a m  chem A ct  
c v e r s i o n  5 . 3  < i n g  5 / 9 5 >
c < v 5 . 2 >  c h a n g e d  f i l e  i n p u t  s t y l e  t o  p r o m p t i n g  u s e r s  k e y i n  i n p u t  f i l e  
name,  
c 
c 
c 
c 
c
1 0 / 9 4 >  
c < v 5 . 3> 
c 
c
5 / 9 5 >
c * * * * * s t a r t  h e r e
c n o n - s t a n d a r d  i m p l c i t ,  b u t  a l m o s t  u n i v e r s a l ;
c i f  p r o b l e m s  s w i t c h  t o  c h a r a c t e r  o r  l o g i c a l

i m p l i c i t  n o n e  
c g r a b  p a r a m e t e r  s t a t m e n t s  f o r  commons

i n c l u d e  ' c d p a r a m s . f h '  
c  g r a b  o n l y  t h o s e  commons n e e d e d  f o r  m a i n  

i n c l u d e  ' c d w e l l O . f h '  
i n c l u d e  ' c d r a n g e . f h '

o u t p u t  t o  f o r t . 20 ,  f o r t . 3 0 . . . .  n o  l o n g e r  u s e d ,  c h a n g e d  t o  
< i n p u t _ p u t _ f i l e _ n a m e > . l o g ,
< i n p u t _ p u t _ f i l e _ n a m e > . k i n ,
< i n p u t _ p u t _ f i l e _ n a m e > . c o l ,
< i n p u t _ p u t _ f i l e _ n a m e > . o u t  < i n g

a d d e d  CHEB k e y b o a r d  f o r  c h e b y s h o v  p o l y n o m i a l s ,  
i m p l i m e n t e d  s u b r o u t i n e s  f o r  SGI v e r s i o n  o n l y  t o  p c ,  s o  now 
f i t g l o b a l ,  t r o e . . .  k e yw or d  c a n  b e  u s e d ,  . . . . h o o r a y  < i n g
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i n c l u d e  ' c d r a t e s . f h '  
i n c l u d e  ' c d l i m f i t . f h '  
i n c l u d e  ' c d c o n t r l . f h '  
i n c l u d e  ' c d T e m p . f h '  
i n c l u d e  ' c d F f i t . f h '  

c  d e l c a r e  l o c a l  v a r i a b l e s
c h a r a c t e r  o p t i o n * 8 , f s t a m p * 120 

c  i n t e g e r  i W e l l ,  i P r o d ,  i p , n
i n t e g e r * 2  h r _ i , m i n _ i , 3 e c _ i , h u n _ i , h r , m i n , s e c , h u n  
i n t e g e r  i p , n  
i n t e g e r  N l u o u t  
r e a l * 8  dE
l o g i c a l  p r o c e e d , e r r o r  

c  a s s i g n  l u ' s ;  N l u o u t  i s  i n  d a t a  s t a t e m e n t
i n t e g e r  l i n p u t , l e c h o , l k o u t , l d i a g , l f o u t , l t o u t , l c k o u t , l t a b o u t ,

2 l f f i t , l f s u m , l r e c o n , l u a r r ( 1 1 ) , l u s a v e ( 1 1 ) , l p l o t  
e q u i v a l e n c e  ( l u a r r ( 1 ) , l e c h o ) , ( l u a r r ( 2 ) , l k o u t ) , ( l u a r r ( 3 ) , l d i a g ) ,

2 ( l u a r r ( 4 ) , l f o u t ) , ( l u a r r ( 5 ) , l t o u t ) , ( l u a r r ( 6 ) , l c k o u t ) ,
3 ( l u a r r ( 7 ) , l t a b o u t ) , ( l u a r r ( 8 ) , l f f i t ) , ( l u a r r (9)  , l f s u m ) ,
4 ( l u a r r ( l O ) , l r e c o n ) , ( l u a r r ( 1 1 ) , l p l o t )

d a t a  l i n p u t , l e c h o , l k o u t , l d i a g , l f o u t , l t o u t ,  l c k o u t ,  l t a b o u t ,
2 l f f i t , l f s u m , l r e c o n , l p l o t , N l u o u t
3 / 1 0 , 2 0 , 2 5 , 3 0 , 3 5 , 4 5 , 5 5 , 6 5 , 7 5 , 8 5 , 9 5 , 9 9 , 1 1 /  

d a t a  l u s a v e /  1,  0 ,  1 ,  0 ,  0 ,  1 ,  0 ,  0 ,  0 ,  1 ,  1 /
C c o m m o n / i o / l i n p u t ,  l e c h o , l k o u t , l d i a g , l f o u t ,  l t o u t ,  l c k o u t , l t a b o u t ,
C 2 I f f i t , I f s u m , l r e c o n ,  N l u o u t
c * * * * * * e n d  d e c l a r a t i o n s  * * ** ** ** ** *
c  d e f a u l t  T a n d  P r a n g e  a s s i g n e d  t h r o u g h  b l o c k  d a t a  g e t r a n g e  
c t h e s e  d e f a u l t s  c a n  b e  o v e r w r i t t e n  i f  o p t i o n  s p e c i f i e d
c o p e n  a n d  r e a d  f i l e  h e a d e r  f r o m  i n p u t  f i l e
c  o p e n ( l i n p u t ,  f i l e  = ' f o r t . 1 0 ' ,  s t a t u s  = ' o l d ' )

c a l l  f i l e _ i o ( e r r o r )  
c a l l  g e t t i m ( h r _ i , m i n _ i , s e c _ i , h u n _ i )  
r e a d ( l i n p u t , ' ( a ) ' )  f s t a m p  

c o p e n  a l l  o u t p u t  f i l e s  a n d  s t a m p  h e a d e r
c a l l  i n i t f s ( N l u o u t ,  l u a r r , l u s a v e , f s t a m p )  

c  r e a d  a l l  o t h e r  i n p u t  p a r a m e t e r s  f r o m  i n p u t  f i l e  a n d  c l o s e
c a l l  g e t p a r a m s ( l i n p u t , l e c h o , d E )  
c l o s e ( l i n p u t ,  s t a t u s  = ' k e e p ' )  

c  e c h o  g e n e r i c  p a r a m e t e r s  t o  f i l e
c a l l  e c h o p a r a m s ( l e c h o )  

c  l o o p  t h r o u g h  r e m a i n d e r  o f  p r o g r a m  d o i n g  c h e m a c t  c a l c u l a t i o n  f i r s t
c  t h e n  do  d i s s o c  c a l c u l a t i o n s  i f  d e s i r e d

w r i t e ( * , * ) '  '
w r i t e ( * , * )  ' p r o g r a m  r u n n i n g . . . '  
d o  200  n  = 0 , n W e l l s  

c  s e t  s w i t c h e s
i f  ( ( n . e q . 0 ) . a n d . ( c h e m a c t ) ) t h e n  

o p t i o n  <= ' C h e m a c t '  
p r o c e e d  = . t r u e ,  

e l s e  i f  ( ( n . g e . l ) . a n d . ( d i s s o c ) ) t h e n  
o p t i o n  = ' D i s s o c '  
i n p W e l l  = n 
i n p c h a n  = 0 
p r o c e e d  = . t r u e ,  

e l s e
p r o c e e d  = . f a l s e ,  

e n d i f
i f  ( p r o c e e d )  t h e n

c g e t  a r r a y  i d p W e l l  g i v i n g  d e p t h  o f  c o m p l e x  on  i s o m e r  c h a r t ;
c  a l s o  c o m p u t e  W e l l  d e p t h s  i n  k c a l ;  a n d  Emax
C w r i t e ( * , * ) '  '
C w r i t e ( * , * )  ' p r o g r a m  r u n n i n g . . . '
c  w r i t e ( * , * ) ' s e t c a l c '

c a l l  s e t C a l c ( l e c h o , i s o m e r s ,  o p t i o n )  
c  w r i t e ( * , * )  ' e c h o 2 '
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c a l l  e c h o 2 ( l e c h o , o p t i o n )  
now do  a c t u a l  c a l c u l a t i o n  

i f  ( o p t i o n . e q . ' C h e m a c t ' ) t h e n  
w r i t e ( * , * ) '  1
w r i t e (* ,  * ) ' c h e m i c a l  a c t i v a t i o n . . . '  

w r i t e ( * , * )  ' compChem'
c a l l  c o m p C H E M ( l e c h o , l d i a g , r k o l d ,  dE) 

w r i t e ( * , * ) '  d o n e '
e l s e

w r i t e ( * , * ) '  ' 
w r i t e ( * , 1 1 0 ) n
f o r m a t ( '  u n i m o l e c u l a r  d i s s o c i a t i o n  : w e l l  # ' , i 2 ) 

w r i t e ( * , * )  ' c o m p D i s s '
call compDIss(lecho,ldiag,rkold,dE) 

w r i t e ( * , * ) '  . . . d o n e '
e n d i f  

f i n i s h  c a l c u l a t i o n  
w r i t e ( * , * )  ' c l e a n u p '  

c a l l  c l e a n u p ( o p t i o n )
w r i t e ( * , * ) '  f i t t i n g  a n d  w r i t t i n g  o u t p u t . . . 1 

w r i t e ( * , * )  ' o u t p u t '  
now we o u t p u t  r e s u l t s ;  f i r s t  we p r i n t  t a b l e  

i f  ( t a b l e )  c a l l  t a b o u t ( o p t i o n , l t a b o u t ) 
now we l o o p  o v e r  a l l  r e a c t i o n s  a n d  o u t p u t  a n d  o r  f i t  
r em em b er  i P r o d  = 0 i s  s t a b i l i z a t i o n  c h a n n e l  f o r  c h e m a c t  
n o t e  common b l o c k s  k f i t  a n d  F f i t  o n l y  s t o r e  o ne  r e a c t i o n ' s  
w o r t h  o f  p a r a m e t e r s  a t  a  t i m e  

do  100 i W e l l  = l , n W e l l s
do  80 i P r o d  = 0 , N P r o d s ( i W e l l )

t h e  b o o l e a n  ad d T e r m  i n d i c a t e s  w h e t h e r  we m u s t  i n c l u d e  
s e c o n d a r y  l o w  p  l i m i t  t e r m  

i f  ( ( o p t i o n . e q . ' D i s s o c ' ) . a n d . ( n o D E x i t ( i W e l l ))
. a n d . ( i P r o d . e q . 0 ) )  t h e n  
a d d T e r m  = . t r u e ,  

e l s e
a d d T e r m  = . f a l s e ,  

e n d i f
d o n ' t  o u t p u t  d i s s o c  c h a n n e l s  w h e r e  d i s s o c i a t i n g  i s o m e r  
i s  P r o d u c t  -  t h i s  i s  a  u s l e s s  r a t e  a n d  we i n t e g r a t e d  f o r  
a n  E > 0 s o  we d i d n ' t  c a l c u l a t e  t h i s  c o r r e c t l y  anyway  

i f  ( . n o t . ( ( o p t i o n . e q . ' D i s s o c ' ) . a n d . ( i W e l l . e q . i n p W e l l )
. a n d . ( i P r o d . e q . 0 ) ) )  t h e n

f i t  l i m i t i n g  a r r h e n i u s  f a c t o r s  
i f  ( ( f i t g l o b a l . o r . f i t r a n g e ) . a n d . ( n T e m p s . g t . 2 ) )  t h e n  

i f  ( addTe rm)
c a l l  K f i t o u t ( o p t i o n ,  l e c h o , l k o u t , i W e l l ,  
i P r o d , - 1 )

c a l l  K f i t o u t ( o p t i o n , l e c h o ,  l k o u t , i w e l l , i P r o d , 0) 
c a l l  K f i t o u t ( o p t i o n ,  l e c h o ,  l k o u t , i W e l l , i P r o d ,  

n p r e s + 1 )
e n d i f

f i t  a r r h e n i u s  f a c t o r s  o v e r  p  r a n g e  
i f  ( f i t r a n g e . a n d . ( n T e m p s . g t . 2 ) )  t h e n  

do  70  i p  = l , n p r e s  
. i n g ,  s k i p  n o r m a l  3 - p a r a m e t e r s  a r r n  f o r m  o u t p u t ,  i f  c h e b  s e l e c t e d

i f  (F o p t . n e . ' C H E B ' ) t h e n  
w r i t e ( * , * ) '  f i t t i n g  a r r h e n i u s  p a r a m e t e r s . . '  

c a l l  K f i t o u t ( o p t i o n ,  l e c h o , l k o u t , i W e l l , 
i P r o d , i p )

c a l l  C K o u t p u t ( o p t i o n ,  l c k o u t , i W e l l , i P r o d , i p )  
e n d i f

c o n t i n u e
e n d i f

f i t  l i n e s h a p e  f a c t o r s ;  make s u r e  e n o u g h  p a r a m e t e r s  
i f  ( ( f i t g l o b a l ) . a n d . ( n T e m p s . g t . 3 ) . a n d .
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2 ( n P r e s . g t . 5 ) ) t h e n
c  w r i t e ( * , * ) '  f i t t i n g  f  f u n c t i o n s . . '

i f  ( F o p t . e q . ' C H E B ' ) t h e n  
w r i t e ( * , 1 2 0 ) i w e l l , i p r o d  

120 f o r m a t e  f i t t i n g  c h e b y s h e v  p o l y n o m i a l s . . .  1,
1 ’w e l l  # ' ,  i 2 ,  ' c h a n n e l  j) ’ , i 2 )

c a l l  k L i m F i t ( o p t i o n ,  l e c h o , l f s u m , i W e l l , i P r o d )  
c a l l  c a l c F ( o p t i o n ,  i W e l l ,  i P r o d )  
c a l l  F i t F ( l e c h o )

C c a l l  F C h e b O u t ( o p t i o n ,  l f f i t , l f s u m , l c k o u t ,
call FChabOut(option,lffit,lecho,lckout,

1 i W e l l , i P r o d )
c a l l  r e C o n s t ( o p t i o n ,  l r e c o n , i W e l l , i P r o d )  

e l s e
w r i t e ( * , 1 3 0 ) i w e l l , i p r o d  

130 f o r m a t e  f i t t i n g  f  f u n c t i o n s . . . . w e l l  # ' ,
1 i 2 , ' c h a n n e l  # ’ , i 2 )

c a l l  k L i m F i t ( o p t i o n , l e c h o , l f s u m , i W e l l , i P r o d )  
c a l l  c a l c F ( o p t i o n , i W e l l , i P r o d )  
i f  ( s h o w l i n e )  t h e n

c a l l  F o u t p u t ( o p t i o n ,  l f o u t , i W e l l , i P r o d )  
c a l l  T o u t p u t ( o p t i o n , l t o u t , i W e l l , i P r o d )  

e n d i f
c w . i n g  0 2 / 9 5  a d d  p a r a m e t e r s  ( i W e l l  a n d  i P r o d )  f o r  c a l l i n g  F i t F  s u b

c a l l  F i t F ( l e c h o )
c a l l  F i t F o u t ( o p t i o n ,  l f f i t , l f s u m , i W e l l , i P r o d )  
c a l l  r e C o n s t ( o p t i o n ,  l r e c o n , i W e l l , i P r o d )  

e n d i f  
e n d i f  

e n d i f
80 c o n t i n u e
100 c o n t i n u e

e n d i f  
200  c o n t i n u e  
c  c l o s e  a l l  o u t p u t  f i l e s  
999  c o n t i n u e
c  c a l l  c l o s f s ( N l u o u t , l u a r r , l u s a v e )

c a l l  g e t t i m ( h r , m i n , s e c . h u n )  
i f  ( s e c . l t . s e c _ i )  t h e n

s e c  = s e c  + 60 -  s e c _ i  
m i n  -  m i n  -  1 —

e l s e
s e c  = s e c  -  s e c _ i  

e n d i f
i f  ( m i n . l t . m i n _ i )  t h e n

m i n  = m i n  + 60 -  m i n _ i  
h r  = h r  -  1

e l s e
m i n  = m i n  -  m i n _ i  

e n d i f
h r  » h r  -  h r _ i  
w r i t e ( l e c h o , 3 0 0 ) h r , m i n , s e c  

300  f o r m a t ( l x ,  ' e x e c u t i o n  t i m e  : ' , i 2 , '  h o u r s  ' , i 2 , '  m i n u t e s  1, i 2,
1 ' s e c o n d s ' )

w r i t e ( * , 3 1 0 ) h r ,  m i n , s e c  
310  f o r m a t ( l x ,  ' e x e c u t i o n  t i m e  : ' , i 2 , '  h o u r s  ' , i  2 ,  ' m i n u t e s  ' , i  2,

1 ' s e c o n d s ' )
c a l l  c l o s f s ( N l u o u t , l u a r r , l u s a v e )  
s t o p  
e n d

c* * * INITFS* * * * * * * * * * * * * * * * * * * * * * * * * * * *
s u b r o u t i n e  i n i t f s ( N l u , l u , l u s a v e , s t r i n g )  

c  o p e n s  a n d  c l e a r s  o u t  a l l  o u t p u t  f i l e s  a n d  s t a m p s  h e a d e r
i m p l i c i t  n o n e  

c  l o c a l  v a r i a b l e s
i n t e g e r  N lu ,  l u ( N l u ) , l u s a v e ( N l u )



i n t e g e r  i
c h a r a c t e r  s t r i n g * ( * ) , n u m * 2 , f n a m e * 8 

c  e n d  d e c l a r a t i o n s  
d o  20 i  = l , N l u

i f  ( l u s a v e ( i ) . e q . O )  t h e n  
w r i t e ( n u m , ' ( i 2 ) ' )  l u ( i )  
c a l l  c o n c a t ( ' f o r t n u m , f n a m e )  
o p e n ( l u ( i ) ,  f i l e  = fn am e ,  s t a t u s  = ' u n k n o w n ' )  
c l o s e ( l u ( i ) ,  s t a t u s  = ' d e l e t e ' )  
o p e n ( l u ( i ) ,  f i l e  = fn a m e ,  s t a t u s  ■= ' n e w ' )  
w r i t e ( l u ( i ) , ' ( l x , a ) ' )  s t r i n g  

e n d i f  
20  c o n t i n u e  

r e t u r n  
e n d

c* * *CLOSFS* * * * * * * * * * * * * * * * * * * * * * * * * * * *
s u b r o u t i n e  c l o s f s  ( N l u , . l u ,  l u s a v e )  

c  c l o s e s  o u t p u t  f i l e s
i m p l i c i t  n o n e  

c  l o c a l  v a r i a b l e s
i n t e g e r  N l u , l u ( N l u ) , l u s a v e ( N l u )  
i n t e g e r  i  

c  e n d  d e c l a r a t i o n s
d o  20 i  = l , N l u

i f  ( l u s a v e ( i ) . e q . 1) t h e n
c l o s e ( l u ( i ) ,  s t a t u s  = ' k e e p ' )

e l s e
c l o s e ( l u ( i ) ,  s t a t u s  = ' d e l e t e ' )  

e n d i f  
20  c o n t i n u e  

r e t u r n  
e n d

c GETRANGE* * * * * * * * * * * * * * * * * *
b l o c k  d a t a  g e t r a n g e  

i m p l i c i t  n o n e  
i n c l u d e  ' c d p a r a m s . f h ' 
i n c l u d e  ' c d r a n g e . f h '  

c  l o c a l  v a r i a b l e s
i n t e g e r  i , j  

c  e n d  d e c l a r a t i o n s
d a t a  n t e m p s , n p r e s / 1 3 ,  6 1 /
d a t a  ( t e m p ( i ) , i = l , 13)  / 3 0 0 . , 4 0 0 . , 5 0 0 . , 6 0 0 . , 8 0 0 . , 1 0 0 0 . , 1 2 0 0 . , 1 5 0 0 .  

2 2 0 0 0 . , 2 5 0 0 . , 3 2 0 0 . , 4 0 0 0 . , 4 8 0 0 . /
d a t a  ( ( p r e s ( i , j ) , i = l , 1 3 ) , j = l , 2 1 )  / 1 3 * 1 . d - 1 0 , 1 3 * 2 . d - 1 0 , 1 3 * S . d - 1 0 ,

2 1 3 * 1 . d - 9 , 1 3 * 2 . d - 9 , 1 3 * 5 . d - 9 , 1 3 * l . d - 8 ,  1 3 * 2 . d - 8 ,  1 3 * 5 . d - 8 , 1 3 * 1 . d - 7
3 1 3 * 2 . d - 7 , 1 3 * 5 . d - 7 , 1 3 * l . d - 6 , 1 3 * 2 . d - 6 ,  1 3 * 5 . d - 6 , 1 3 * l . d - 5 , 1 3 * 2 . d - 5
4 1 3 * 5 . d - 5 , 1 3 * 1 . d - 4 , 1 3 * 2 . d - 4 , 1 3 * 5 . d - 4 /

d a t a  ( ( p r e s ( i , j ) , i = l , 1 3 ) , j = 2 2 , 42) / 1 3 * 1 . d - 3 , 1 3 * 2 . d - 3 , 1 3 * 5 . d - 3 ,
2 1 3 * l . d - 2 , 1 3 * 2 . d - 2 , 1 3 * 5 . d - 2 , 1 3 * 1 . d - 1 , 1 3 * 2 . d - 1 , 1 3 * 5 . d - 1 , 1 3 * 1 . dO,
3 1 3 * 2 . d O , 1 3 * 5 . d O , 1 3 * l . d l , 1 3 * 2 . d l , 1 3 * 5 . d l ,  1 3 * 1 . d 2 , 1 3 * 2 . d 2 ,
4 1 3 * 5 . d 2 , 1 3 * 1 . d 3 , 1 3 * 2 . d 3 , 1 3 * 5 . d 3 /

d a t a  ( ( p r e s ( i , j ) , i = l , 1 3 ) , j = 4 3 , 61) / 1 3 * 1 . d 4 , 1 3 * 2 . d 4 , 1 3 * 5 . d 4 ,
2 1 3 * 1 . d 5 , 1 3 * 2 . d 5 , 1 3 * 5 . d 5 , 1 3 * 1 . d 6 , 1 3 * 2 . d 6 ,  1 3 * 5 . d 6 , 1 3 * 1 . d 7 ,
3 1 3 * 2 . d 7 , 1 3 * 5 . d 7 , 1 3 * l . d 8 , 1 3 * 2 . d 8 , 1 3 * 5 . d 8 , 1 3 * 1 . d9 ,  13 * 2 . d9 ,
4 1 3 * 5 . d 9 , 1 3 * 1 . d l O /  

e n d
c * * * LOOKUP * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

s u b r o u t i n e  l o o k u p ( s n a m e , m a s s , s i g , e k ,  d e l t a E ,  n o i n f o )  
i m p l i c i t  n o n e  

i n t e g e r  m x d a t a  
p a r a m e t e r  (m x d a t a  = 10) 

c l o c a l  v a r i a b l e s  
l o g i c a l  n o i n f o  
c h a r a c t e r  snam e* 10  
i n t e g e r  n  
i n t e g e r  n d a t a
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r e a l * 8  r m a s 3 , s i g , e k , d e l t a E  
c h a r a c t e r  s p e c i e s ( m x d a t a ) *10
r e a l * 8  s m a s s ( m x d a t a ) , s s i g ( m x d a t a ) , s e k ( m x d a t a )  , s d e l t a E ( m x d a t a )  

c  do a s s i g n m e n t s  h e r e  
d a t a  n d a t a / 6 /  
d a t a  s p e c i e s (1)  / ' N 2 ' /
d a t a  s m a s s ( 1 ) ,  s s i g ( l ) , s e k ( 1 ) , s d e l t a E ( 1 ) / 2 8 . 0 ,  3 . 6 2 1 ,  9 7 . 5 ,  8 3 0 . /  

d a t a  s p e c i e s  (2)  / ' A R ' /  
d a t a  s m a s s ( 2 ) ,  s s i g ( 2 ) , s e k ( 2 ) , s d e l t a E ( 2 ) / 4 0 . 0,  3 . 3 3 ,  1 3 6 . 5 ,  6 3 0 . /  
d a t a  s p e c i e s (3)  / ' H E ' /
d a t a  s m a s s ( 3 ) , s s i g ( 3 ) , s e k ( 3 ) , s d e l t a E ( 3 ) / 4 . 0 ,  2 . 6 ,  1 0 . 2 ,  4 3 1 . /  
d a t a  s p e c i e s  (4) / ' C H 4 ' /
d a t a  s m a s s (4) , s s i g (4) , s e k (4) , s d e l t a E ( 4 ) / 1 6 .  0 ,  3 . 7 4 6 ,  1 4 1 . 4 ,  2 1 0 0 . /  
d a t a  s p e c i e s  (5)  / ' C 3 H 8 ' /
d a t a  s m a s s ( 5 ) ,  s s i g ( 5 ) , s e k ( 5 ) , s d e l t a E ( 5 ) / 4 4 . 0 ,  4 . 9 8 ,  2 6 6 . 8 ,  4 2 0 0 . /  
d a t a  s p e c i e s ( 6 )  / ’ S F 6 ' /
d a t a  s m a s s ( 6 ) ,  s s i g ( 6 ) , s e k ( 6 ) , s d e l t a E ( 6 ) / 1 4  6 . 0 ,  5 . 1 3 ,  2 2 2 . 1 ,  3 4 0 0 . /  

n o i n f o  = . t r u e ,  
do  10 n  = l , n d a t a

i f  ( s n a m e . e q . s p e c i e s ( n ) ) t h e n  
r m a s s  = s m a s s ( n )  
s i g  = s s i g ( n )  
e k  = s e k ( n )  
d e l t a E  = s d e l t a E ( n )  
n o i n f o  = . f a l s e ,  

e n d i f  
10 c o n t i n u e  

r e t u r n  
e n d
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